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VIA VT8601A 
Apollo PLE133 


133 / 100 / 66 MHz 
Single-Chip Socket-370 PCI North Bridge, 
With Integrated AGP 2D / 3D Graphics Accelerator 
and Advanced Memory Controller 
supporting PC133 / PC100 SDRAM 
For Desktop PC Systems 


PRODUCT FEATURES 


e General 


510 BGA Package (35mm x 35mm ) 

2.5 Volt core with 3.3V CMOS I/O 

Supports GTL+ I/O buffer Host interface 

Supports separately powered 5.0V tolerant interface to PCI bus and Video interface 

2.5V, 0.25um, high speed / low power CMOS process 

PC98 / 99 compatible using VIA VT82C686B (352-pin BGA) south bridge chip for Desktop and Mobile 
applications 

133 / 100 / 66 MHz CPU Front Side Bus (FSB) Operation 


e High Integration 


Single chip implementation for 64-bit Slot-1 and Socket-370 CPUs, 64-bit system memory, 32-bit PCI with 
integrated 2D / 3D GUI accelerator 

Apollo PLE133 Chipset: VT8601A system controller and VT82C686B PCI to ISA bridge 

Chipset includes dual UltraDMA-100 / 66 / 33 EIDE, AC-97 link, 4 USB ports, integrated Super-I/O, hardware 
monitoring, keyboard / mouse interfaces, and RTC / CMOS 


e High Performance CPU Interface 


Supports VIA C3 and Intel Celeron™ and Pentium III™ processors 

133 / 100 / 66 MHz CPU Front Side Bus (FSB) 

Built-in PLL (Phase Lock Loop) circuitry for optimal skew control within and between clocking regions 
Five outstanding transactions (four In-Order Queue (IOQ) plus one input latch) 

Supports WC (Write Combining) cycles 

Dynamic deferred transaction support 

Sleep mode support 

System management interrupt, memory remap and STPCLK mechanism 


CPU DRAM GUI Core | Internal AGP PCI Comments 


133 MHz | 133 MHz | 100 MHz 66 MHz 33 MHz | Synchronous (DRAM uses CPU clock) 


133 MHz | 100 MHz | 100 MHz 66 MHz 33 MHz | Pseudo-synchronous (DRAM uses GUI clock) 


100 MHz | 133 MHz | 100 MHz 66 MHz 33 MHz | Pseudo-synchronous (DRAM uses GUI clock) 


100 MHz | 100 MHz | 100 MHz 66 MHz 33 MHz | Synchronous (DRAM uses CPU clock) 


100 MHz | 66 MHz 66 MHz 66 MHz 33 MHz | Pseudo-synchronous (DRAM uses GUI clock) 


66 MHz | 100 MHz | 100 MHz 66 MHz 33 MHz | Pseudo-synchronous (DRAM uses GUI clock) 


66 MHz | 66 MHz 66 MHz 66 MHz 33 MHz | Synchronous (DRAM uses CPU clock) 
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e Internal Accelerated Graphics Port (AGP) Controller 


— AGP v1.0 compliant 

— Pipelined split-transaction long-burst transfers up to 533 MB/sec 

— Eight level read request queue 

— Four level posted-write request queue 

— Thirty-two level (quadwords) read data FIFO (128 bytes) 

— Sixteen level (quadwords) write data FIFO (64 bytes) 

— Intelligent request reordering for maximum AGP bus utilization 

— Supports Flush/Fence commands 

— Graphics Address Relocation Table (GART) 

— One level TLB structure 

— Sixteen entry fully associative page table 

— LRU replacement scheme 

— Independent GART lookup control for host / AGP / PCI master accesses 
— Windows 95 OSR-2 VXD and integrated Windows 98 / NT5 miniport driver support 


e Concurrent PCI Bus Controller 


— PCI bus is synchronous / pseudo-synchronous to host CPU bus 

— 33 MHz operation on the primary PCI bus 

— Supports up to five PCI masters 

— Peer concurrency 

— Concurrent multiple PCI master transactions; i.e., allow PCI masters from both PCI buses active at the same time 
— Zero wait state PCI master and slave burst transfer rate 

— PCI to system memory data streaming up to 132Mbyte/sec 

— PCI master snoop ahead and snoop filtering 

— Six levels (double-words) of CPU to PCI posted write buffers 

— Byte merging in the write buffers to reduce the number of PCI cycles and to create further PCI bursting possibilities 
— Enhanced PCI command optimization (MRL, MRM, MWI, etc.) 

— Forty-eight levels (double-words) of post write buffers from PCI masters to DRAM 

— Sixteen levels (double-words) of prefetch buffers from DRAM for access by PCI masters 

— Supports L1/L2 write-back forward to PCI master read to minimize PCI read latency 

— Supports L1/L2 write-back merged with PCI master post-write to minimize DRAM utilization 
— Delay transaction from PCI master reading DRAM 

— Read caching for PCI master reading DRAM 

— Transaction timer for fair arbitration between PCI masters (granularity of two PCI clocks) 

— Symmetric arbitration between Host/PCI bus for optimized system performance 

— Complete steerable PCI interrupts 

—  PCI-2.2 compliant, 32 bit 3.3V PCI interface with 5V tolerant inputs 
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e Advanced High-Performance DRAM Controller 


DRAM interface synchronous or pseudosynchronous with CPU FSB speed of 133 / 100 / 66 MHz 

DRAM interface may be faster than CPU by 33 MHz to allow use of PC100 with 66 MHz Celeron CPU or use of 
PC133 with 100 MHz VIA C3 or Intel Pentium II or Pentium II] CPU 

DRAM interface may be slower than CPU by 33 MHz to allow use of older memory modules with a newer CPU 
Concurrent CPU, AGP, and PCI access 

Different DRAM timing for each bank 

Dynamic Clock Enable (CKE) control for SDRAM power reduction in high speed systems 

Mixed 1M /2M/4M/8M/ 16M /32MxN DRAMs 

6 banks DRAMs supported up to 1.5GB (256Mb DRAM technology) 

Flexible row and column addresses 

64-bit data width only 

3.3V DRAM interface with 5V-tolerant inputs 

Programmable I/O drive capability for MA, command, and MD signals 

Two-bank interleaving for 16Mbit SDRAM support 

Two-bank and four bank interleaving for 64Mbit SDRAM support 

Supports maximum 8-bank interleave (i.e., 8 pages open simultaneously); banks are allocated based on LRU 
Independent SDRAM control for each bank 

Seamless DRAM command scheduling for maximum DRAM bus utilization 

(e.g., precharge other banks while accessing the current bank) 

Four cache lines (16 quadwords) of CPU to DRAM write buffers 

Four cache lines of CPU to DRAM read prefetch buffers 

Read around write capability for non-stalled CPU read 

Speculative DRAM read before snoop result 

Burst read and write operation 

x-1-1-1-1-1-1-1 back-to-back accesses for SDRAM from CPU or from DRAM controller 

BIOS shadow at 16KB increment 

Decoupled and burst DRAM refresh with staggered RAS timing 

CAS before RAS or self refresh 
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e General Graphic Capabilities 


— 64-bit Single Cycle 2D/3D Graphics Engine 

— Supports 2 to 8 Mbytes of Frame Buffer 

— Real Time DVD MPEG-2 and AC-3 Playback 

— Video Processor 

— fC Serial Interface 

— Integrated 24-bit 230MHz True Color DAC 

— Extended Screen Resolutions up to 1600x1200 

— Extended Text Modes 80 or 132 columns by 25/30/43/60 rows 
— DirectX 6 and OpenGL ICD API 


e Graphics Performance 


— Sustained 1M polygons/second and 100M pixels/second 
—  30fps DVD playback of 9.3Mbps MPEG-2 video with 30% headroom 
— Host Based AC-3 decode at only 8% utilization 


e High Performance rCADE3D™ Accelerator 


— 32 entry command queue, 32 entry data queue 

—  4Kbyte texture cache with over 90% hit rates 

— Pipelined Single Cycle Setup/Texturing/Rendering Engines 
—  DirectDraw™ acceleration 

— Multiple buffering and page flipping 


Setup Engine 
— 32-bit IEEE floating point input data 


— Slope and vertex calculations 
— Back facing triangle culling 
— 1/16 sub-pixel positioning 


Rendering Engine 
— High performance single pass execution 


— Diffused and specula lighting 

—  Gouraud and flat shading 

— Anti-aliasing including edge, scene, and super-sampling 
— OpenGL compliant blending for fog and depth-cueing 
— 16-bit Z-buffer 

— 8/16/32 bit per pixel color formats 


Texturing Engine 
—  1/2/4/8-bits per pixel compact palletized textures 


—  16/32-bits per pixel quality non-palletized textures 

— Pallet formats in ARGB 565, 1555, or 444 

—  Tri-linear, bi-linear, and point-sampled filtering 

— Mip-mapping with multiple Level-Of-Detail (LOD) calculations and perspective correction 
— Color keying for translucency 


2D GUI Engine 
—  8/15/16/24/32-bits per pixel color formats 


— 256 Raster Operations (ROPs) 

— Accelerated drawing: BitBLTs, lines, polygons, fills, patterns, clipping, bit masking 
— Panning, scrolling, clipping, color expansion, sprites 

— 32x32 and 64x64 Hardware Cursor 

— DOS graphics and text modes 
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e DVD 


Hardware-Assisted MPEG-2 Architecture for DVD with AC-3 

Simultaneous motion compensation and front-end processing (parsing, decryption and decode) 

Supports full DVD 1.0, VCD 2.0 and CD-Karaoke 

Microsoft DirectShow 3.0 native support, backward compatible to MCI 

No additional frame buffer requirements 

Sub-picture hardware eliminates Run-Length-Decoder and Alpha Blending overhead 

Dynamic frame and field de-interlace filtering for high quality playback on VGA monitors (Bob and Weave) 
Tamper-proof software CSS implementation 

Freeze, Fast-Forward, Slow Motion, Reverse 

Pan-and-Scan support for 16:9 sequence 


e Video Processor 


On-chip Color Space Converter (CSC) 

Anti-tearing via two frame buffer based capture surfaces 

Minifier for video stream compression and filtering 

Horizontal/vertical interpolation with edge recovery 

Dual frame buffer apertures for independent memory access for graphics and video 
YUV 4:2:2/4:1:1/4:2:0 and RGB formats 

Video Module Interface (VMI) to MPEG and video decoder 

Vertical Blank Interval for Intercast ™ 

Overlay differing video and graphic color depths 

Minifier Video Module Interface (VMI) to MPEG and video decode 
Display two simultaneous video streams from both internal AGP and VMI 
Two scalers and Color Space Converters (CSC) for independent windows 


e Digital Flat Panel (DFP) Interface 


85 MHz Flat Panel Monitor interface supports 1024x768 panels 
Uses external TMDS transmitters for advanced panel interfaces 


e Power Management Support 


Dynamic power down of SDRAM (CKE) 

Independent clock stop controls for CPU / SDRAM, AGP, and PCI bus 
PCI and AGP bus clock run and clock generator control 

VTT suspend power plane preserves memory data 

Suspend-to-DRAM and Self-Refresh operation 

EDO self-refresh and SDRAM self-refresh power down 

8 bytes of BIOS scratch registers 

Low-leakage I/O pads 


e Testability 


Build-in NAND-tree pin scan test capability 
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SYSTEM OVERVIEW 


The Apollo PLE133 chipset consists of the VT8601A North Bridge (described by this document) and the VT82C686B South 
Bridge (described in a separate data sheet). The VT8601A is a PC system logic North Bridge for Socket-370 CPUs with 
integrated 2D/3D Graphics accelerator. The core logic portion of the chip is based on the VIA Apollo Pro133 with integrated 
graphics accelerator provided by an industry leading Graphics supplier. The combination of the two leading edge technologies 
provides a stable, cost-effective, and high performance solution to both the Desktop and Mobile personal computer markets. As 
shown in Figure 1 below, the Apollo PLE133 will interface to: 


e  Socket-370 Front-Side Bus (133, 100 and 66 MHz) 
e =PC133 /PC100 SDRAM Memory Interface 

e PCI Bus (33 MHz) 

e Analog RGB Monitor with DDC 

e Digital Monitor Transmitters (TMDS) 

e Video Capture / Playback CODECs 


TMDS 


VT8601A ons 
North Bridge > 


510 BGA = 


FTV Signal MYA ane VMI 
PCI SLOTS 
PCI BUS 
SMBUS 
Dual-IDE ATER ac-Link 


South AC-97| IsASLOTS 


Bridge ISA Bus 


352 BGA 
—- ell | Floppy Disk 


Serial Ports fl i Parallel Port 


Figure 1: Apollo PLE133 High Level System Diagram 
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Apollo PLE133 Core Logic Overview 


The Apollo PLE133 chipset is a high performance, cost-effective and energy efficient solution for the implementation of 
Integrated 2D / 3D Graphics - PCI - ISA desktop and notebook personal computer systems from 66 MHz to 133 MHz based on 64- 
bit Socket-370 VIA C3 / Intel Celeron and Pentium III processors. The complete solution consists of the VT8601A “System 
Media Accelerator” (SMA) north bridge (510 BGA) and either the VT82C596B (324 BGA) or the VT82C686B (352 BGA) PCI- 
to-ISA south bridge. Both south bridges are PC98 / PC99 compliant with integrated UltraDMA-66 / 33 IDE, 4 USB ports, and a 
complete power management feature set. The VT82C686B also integrates HW monitoring, Super-I/O functions (floppy disk drive 
interface and serial / parallel ports), and AC-97 link supporting digital audio and HSP modem functions. 


Apollo PLE133 supports six banks of DRAMs up to 1.5GB. The DRAM controller supports PC133 and PC100 Synchronous 
DRAM (SDRAM). The Synchronous DRAM interface allows zero wait state bursting between the DRAM and the data buffers at 
100 or 133 MHz. The six banks of DRAM can be composed of an arbitrary mixture of 1M / 2M / 4M / 8M / 16M / 32MxN 
DRAMs. The DRAM Controller is optimized to run synchronous with the CPU Front Side Bus (FSB) frequency of 100 or 133 
MHz or pseudosynchronous to the Front Side Bus with the SDRAM and FSB frequencies differing by 33 MHz. 


Apollo PLE133 also supports full AGP v1.0 capability with the internal 2D/3D Graphics Engine for maximum software 
compatibility. An eight level request queue plus a four level post-write request queue with thirty-two and sixteen quadwords of 
read and write data FIFO’s respectively are included for deep pipelined and split AGP transactions. A single-level GART TLB 
with 16 full associative entries and flexible CPU/AGP/PCI remapping control is also provided for operation under protected mode 
operating environments. Both Windows-95 VXD and Windows-98 / NT5 miniport drivers are supported. 


Apollo PLE133 supports one 32-bit 3.3 /5V system bus (PCI) that is synchronous to the CPU bus. The chip also contains a built- 
in AGP bus-to-PCI bus bridge to allow simultaneous concurrent operations on each bus. Five levels (doublewords) of post write 
buffers are included to allow for concurrent CPU and PCI operation. For PCI master operation, forty-eight levels (doublewords) 
of post write buffers and sixteen levels (doublewords) of prefetch buffers are included for concurrent PCI bus and DRAM/cache 
accesses. The chip also supports enhanced PCI bus commands such as Memory-Read-Line, Memory-Read-Multiple and Memory- 
Write-Invalid commands to minimize snoop overhead. In addition, advanced features are supported such as snoop ahead, snoop 
filtering, L1 / L2 write-back forward to PCI master, and L1 / L2 write-back merged with PCI post write buffers to minimize PCI 
master read latency and DRAM utilization. Delay transaction and read caching mechanisms are also implemented for further 
improvement of overall system performance. 


For sophisticated notebook implementations, the Apollo PLE133 north bridge provides independent clock stop control for the CPU 
/ SDRAM, PCI, and AGP buses and Dynamic CKE control for powering down of the SDRAM. A separate suspend-well plane is 
implemented for the SDRAM control signals for Suspend-to-DRAM operation. Coupled with the 324-pin Ball Grid Array VIA 
VT82C596B south bridge chip, a complete notebook PC main board can be implemented with no external TTLs. 
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Apollo PLE133 Graphics Controller Overview 


The Apollo PLE133 Graphics Controller is a highly integrated display control device that incorporates a 64-bit 3D/2D graphic 
engine and video accelerator with advanced DVD video and optional TV output capability. It provides a flexible and high 
performance solution for graphics and video playback acceleration for various color depth and resolution modes. 


The Apollo PLE133 Graphics Controller supports a video capture port to import captured live MPEG | or MPEG 2 video streams, 
or DVD decompressed video streams to be overlaid with a graphics stream of mixed color depth displays. In supporting dual live 
videos, the Apollo PLE133 Graphics Controller offers independent dual video windows ready for videoconferencing and with 
linear scaling capability. 


Integrating the programmable phase lock loop with high speed LUT DACs, the Apollo PLE133 Graphics Controller is a true 
price/performance solution for the modern multimedia based entertainment PC. 


Capability Overview 


The Apollo PLE133 Graphics Controller is a fully integrated CRT and TV 64-bit 2D/3D Accelerator. The high performance 
graphics engine offers high speed 3D image processing in full compliance and compatibility with IBM® VGA and VESA™ 
extended VGA. As an integrated controller, it allows unprecedented cost and performance advantages by eliminating the need for 
an external frame buffer while at the same time gaining local access to a larger amount of memory. Many functions can now be 
eliminated that previously consumed large amounts of bandwidth. 


The Apollo PLE133 Graphics Controller, equipped with a single-cycle 3D GUI Engine, pipelines 3D rendering process 
architecture in hardware, providing real-time interactions with solid 3D models in CAD/CAM, 3D modeling, and 3D games. It 
supports all key 3D rendering operations, including: Gouraud shading for smooth object surfaces, texture mapping for realistic 
object textures, 16-bit hardware Z-buffering for fast 3D depth calculations, and Alpha Blending for transparency effects. 


The Apollo PLE133 Graphics Controller’s highly innovative design, a full 64-bit memory interface with a high performance 
graphics engine which can support a RAMDAC™ running up to 230MHz, dramatically improves GUI functions and significantly 
promotes overall system operation. 


The Apollo PLE133 Graphics Controller supports a full AGP implementation internally to remain compatible with existing 
software and programming models. However, since the engine is integrated it enjoys a higher bandwidth and lower latency than is 
possible with discrete solutions. AGP operations can include direct access of the system memory by the 2D/3D engine to provide 
increased texture memory. 


To meet the requirements of a PC99 graphics adapter in a multimedia PC, the Apollo PLE133 Graphics Controller supports planar 
video format for MPEG-1, MPEG-2, and DVD-video playback. The dual video playback is capable of overlaying windows for 
videoconferencing and multimedia displays. Advanced features of the Apollo PLE133 Graphics Controller, such as color space 
conversion, video scaling, dual video windows, dual-view display, Video Module Interface (VMI), Vertical Blanking Interleave 
(VBD), a 24-bit True Color DAC, and triple clock synthesizers allow performance at peak levels. 


By using an extended 16-bit VMI port the Apollo PLE133 Graphics Controller can support DTV resolution. This port can operate 
as either an input for Video Capture or as an output for Video display. The Apollo PLE133 Graphics Controller is capable of 
supporting three simultaneous displays: CRT, Flat Panel Monitor & Video, each with a different “window” or desktop. 


The Apollo PLE133 integrated Graphics Controller supports a rich featured flat panel monitor interface that can be used with 
external TMDS transmitters to support the latest DVI displays. 
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System Capabilities 


The Apollo PLE133 Graphics Controller’s main system features include: 


High Performance single cycle GUI 

Highly Integrated RAMDAC™ and Triple Clock Synthesizer 
Full Feature High Performance 3D Graphics Engine 

High speed internal AGP Bus Mastering data bus supporting DVD video playback & 3D 
Hardware implementation of motion compensation 

Dual Video Windows for Videoconferencing 

TrueVideo® Processor 

DirectDraw™ and DirectVideo'™ Hardware Support 
Versatile Motion Video Capture/Overlay/Playback Support 
Flexible Frame Buffer Memory Interface 

Advanced Mobile Power Management 

CRT Power Management (VESA™ DPMS) 

PC99 Hardware Support 


High Performance 64-bit 2D GUI 


The 64-bit graphics engine of the Apollo PLE133 Graphics Controller significantly improves graphics performance through 
specialized hardware that accelerates the most frequently used GUI operations and matches the high-speed requirements of CPUs. 
Functions directly supported in hardware include: BitBLTs, image and text transfer, line draw, short stroke vector draw, rectangle 
fills, and clipping. The graphics engine supports 256 Raster Operations (ROPs) for up to 32-bit packed pixel graphic modes. The 
ROP3 Processor in the Apollo PLE133 Graphics Controller is able to perform Boolean functions which allow many additional 
operations, including transparency, pattern masking, color expansion alignment, and pattern enhancement. Additionally, the 
graphics engine features linear display memory addressing (up to 4GB memory space), accelerated color expansion modes for 
graphics text procession, and memory-mapped I/O registers on the graphics engine for faster access time. 


Graphic functions are optimized by a 64-bit internal data bus and a four-color hardware cursor/pop-up icon, operating up to a 
128x128x2 pixel image, which offloads the CPU. The hardware cursor mechanism can also be used to display patterns stored in 
the system memory. This pop-up icon is very useful to display user friendly information instantly through simple hot key 
operations. This advanced function combination allows significant performance increases over standard Super VGA designs and 
provides outstanding graphics acceleration on GUIs, such as Microsoft® Windows 98°. 


Highly Integrated RAMDAC™ & Clock Synthesizer 


The highly integrated design of the Apollo PLE133 Graphics Controller offers a “no TTL” solution for cost-effective, high- 
performance multimedia subsystem designs for the PC and compatible notebooks. The 64-bit memory data bus supporting 
SDRAM and SGRAM memory provides faster data transfer rates for improved system throughput. The Apollo PLE133 Graphics 
Controller has a built-in, high speed RAMDAC™. The RAMDAC™ is composed of one 256x24 and one 256x18 color lookup 
table and a triple loop frequency synthesizer, providing the read/write timing control for the Frame Buffer Memory and the refresh 
of the TV/CRT display. 


The integrated frequency synthesizer provides a 125MHz memory clock for high speed DRAM access and a 230MHz video clock 
which supports various refresh rates up to 85Hz at 1280x1024. 


Full Feature High Performance 3D Engine 


The Apollo PLE133 Graphics Controller is equipped with an advanced Graphics Drawing, Single Cycle 3D Graphics Engine that 
performs premium 3D functions at a high level of more than 1M triangles per second. The 3D engine supports Microsoft® 
Direct3D. The 3D Engine is set up to off-load the CPU from major 3D tasks including slope calculation, sub-pixel positioning, 
and Tri-striping. By balancing the 3D pipeline and reducing parameter passing, the Apollo PLE133 Graphics Controller provides 
very high levels of performance. The 3D engine is integrated with a triangle set-up engine that sets up triangles according to 
vertex input data and accomplishes various functions for 3D rendering. Gouraud shading provides smooth shading for colors 
across surfaces, perspective correction texture mapping to correct texture data based on the perspective, bi-linear texture filtering 
for interpolating, alpha blending to compensate colors for the opacity of two colors blended, Z-buffering (16-bit/24-bit), video 
texturing to overlay 2D video play-back onto 3D images, fogging to simulate weather effects, palletized texture mapping (1-, 4-, or 
8-bit) for memory and bandwidth reduction, and anti-aliasing to reduce or eliminate jaggies resulted from alias rendering. The 3D 
engine also works with the APM system, conserving power while 3D operations are suspended. 


Revision 1.82 October 22, 2001 -9- System Overview 


MN VT8601A Apollo PLE133 


Video Processor 


Video processor features include: on-chip hardware Color Space Conversion (CSC) for faster data conversion on the fly, 
Horizontal/Vertical (H/V) scaling with interpolation, edge recovery algorithm logic, gamma correction, and overlay control with 
different color depths from graphics. The Apollo PLE133 Graphics Controller also includes a fully integrated GUI accelerator, 
read cache, and command FIFO that optimize memory bandwidth and maximize graphics performance. 


The Apollo PLE133 Graphics Controller, with an integrated Video Display and a Capture Engine, supports dual apertures on the 
PCI bus which enables independent graphic and video data to be transported simultaneously to and from different memory areas 
and greatly accelerates the performance of both DirectDraw’ and DirectVideo™. The Apollo PLE133 Graphics Controller can 
provide dual video windows that display different images from different video sources (from the PCI bus and from the capture 
port) on the same screen. The video image is stored in off-screen memory and is retrieved by the Video Display Processing block 
for video processing. With the help of DirectDraw™ acceleration for sprites, page flipping, double buffering, and color keying, 
video processing is performed by utilizing a proprietary edge recovery algorithm for sharper line visibility, de-interlacing, anti- 
tearing, multitap horizontal filtering, dithering, and scaling operations with bilinear interpolation in both horizontal and vertical 
directions. Linear scaling permits zoom in/out to any size without any restrictions. In addition, the on-chip hardware Color Space 
Conversion (CSC) accelerates conversion for 16 bit YUV pixels into linear true color 32 bit RGB pixels on the fly. The additional 
X and Y minifiers are capable of shrinking video images to any linear fractions, which saves bus bandwidth and memory space. 
The YUV planar logic of the Apollo PLE133 Graphics Controller supports a YUV 420 format that can eliminate redundant video 
stream decoding procedures. The load of the CPU is reduced while performing software MPEG or software video conferencing. 
The color and luminance control provided by the Apollo PLE133 Graphics Controller offers color compensations to prevent color 
distortion for display devices such as a CRT or TV with Gamma correction and hue adjustment control. 


The Video Conferencing feature allows remote and local video images to be displayed simultaneously on the same screen. 


Video Capture and DVD 


The Apollo PLE133 Graphics Controller has a Video Module Interface (VMI) and advanced hardware interface logic allowing it 
to be directly connected to many MPEG and video decoders such as the C-Cube CL450/480, SGS 3400/3500, Philips 7110/1 and 
Brooktree BT819/817/827/829. 


The Apollo PLE133 Graphics Controller, integrated with a DVD video hardware block for motion compensation, gives existing 
PCs the ability to play DVD video in MPEG-2 format at high bandwidths with very good video quality. 


A new industry standard is being set for transmission of non-video data over a TV broadcast signal during vertical blanking dead 
time. This technology is referred to as Intercast. The Apollo PLE133 Graphics Controller has the ability to take the entire video 
stream over the video port, sending the visible video stream to the display memory for display in a window, stripping the VBI data 
from the stream, and then sending this data to the CPU for processing using PCI Bus Mastering. 


Versatile Frame Buffer Interface 


The Apollo PLE133 Graphics Controller features a versatile frame buffer interface aperture into main system memory. Optimized 
performance can be achieved with the single cycle memory bus interface using programmable DRAM timing. The display queue 
has been increased to reduce the frequency of memory bus requests, optimizing memory bus efficiency for the graphic controller. 


With the support of the internal AGP aperture, the Apollo PLE133 Graphics Controller has access to system memory through the 
GART. In the execute mode, the Apollo PLE133 Graphics Controller is able to use both the dedicated graphics portion and the 
general portion of system memory for graphics operations. As a result, DVD and 3D rendering performance and quality are 
greatly enhanced. 


Hi-Res and Hi-Ref Display Support 


Apollo PLE133 Graphics Controller display enhancements dramatically improve CRT resolution. These enhancements include 
support of non-interlaced 1280x1024x64K, 1024x768x16M, 800x600x16M, and 640x480x16M colors for “full spectrum” color. 
Extended text modes of 80 or 132 columns by 25, 30, 43, or 60 rows provide an extended graphics area frequently used in many 
spreadsheet and database applications. Extended graphics and text modes are supported by software drivers that provide a “ready- 
to-go” solution, minimizing the need for additional driver development. 


A virtual screen can be created with the Apollo PLE133 Graphics Controller . When this function is enabled, a selected portion of 
a large image can be shown on a smaller display. The image can also be moved across the whole screen, either up or down. 


The Apollo PLE133 Graphics Controller is able to automatically detect DDC monitors with I’C signaling. 
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CRT Power Management (VESA DPMS) 


The Apollo PLE133 Graphics Controller conforms to the standard power management schemes defined by VESA™ for CRTs. 
The Apollo PLE133 Graphics Controller supports four states of VESA™ Display Power Management Signaling (DPMS), which 
decrease monitor power consumption after timeout periods. VESA™ DPMS power down states (ready, standby, suspend, and off) 
specify HSYNC and VSYNC signals to control the monitor power down state. 


Flat Panel Monitor Interface 


The Apollo PLE133 Flat Panel Monitor interface is designed to support industry standard TFT panel based Flat Panel Monitors via 
external TMDS transmitters. The interface supports both 18-bit and 24-bit display modes. Optionally, an 18+18 panel can be 
supported utilizing external latches. 


24 Bit | 18 Bit 
Pin TET TFT | Notes 


PD[23] 7 S2 used for external 18+18 


82 
Sl S1 used for external 18+18 
BO 
Bl 
Potts 
PD[14] Gl 
Pot 
PD[12] RI 

B2 
PD[10] B3 
PD[9] B4 


Video Capture Interface 


The Video Module Interface (VMI) is supported for video devices such as MPEGI and MPEG2. Additionally, the zero-wait state 
host write buffer, read cache, and memory mapped I/O increase operating speeds and contribute to peak performance levels. All 
I/O interfaces are 5V tolerant, capable of interfacing with external devices operating at 5V, even though the Apollo PLE133 
Graphics Controller runs at 2.5V. Graphics system throughput is further enhanced by a command FIFO, allowing maximum bus 
transfer speed for applications such as Windows™ or AutoCAD™ that directly access video memory. 


Complete Hardware Compatibility 


The Apollo PLE133 Graphics Controller is fully compliant with the VESA™ DDC and VAFC standards. The Apollo PLE133 
Graphics Controller is 100% VGA compatible at both the BIOS and Driver level, allowing full compatibility with virtually any 
VGA application software. The Apollo PLE133 Graphics Controller provides hardware support to DirectDraw™, offering high 
speed game graphics on Windows 98°. The Apollo PLE133 Graphics Controller meets the requirements of PC99 as well, 
supporting a unique ID for each customer and a unique ID for each model. 
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PINOUTS 
Figure 1. VT8601A Ball Diagram (Top View) 
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VD9 VDIO- VDI1 i GND | G MD41 MD9 MD40 


ND 
VD7 MD43. MDI1 MD42 
VHS TVD4 TVD6 | xp | GND MD46. MD14. MD45 
VCLK | TvDs Tvp2 J vccs SwEAe ee eae 

vsusa] 9™ [scascr scpsne 

vsusa] 9 

CSI# — CSO# 


9 10 

Q SRASB# SRASC# 
vect f vcc3 GND GND GND MDs8 J VCC3 vsus2 ca a 
DEY, PAR |CBEI#] ADIO. AD7 ADS _| PCLK MDS56 MDS54 MD20 MD18 J VSUS3 MA3 MA2 


AD29. AD24 AD23 ADI7 |IRDY#] ADIS ADIL AD6  AD4_ |PREQ# MD25. MD23. MDs2._Mp49 | SUST# MAS 


4 
AD28 FWR | PGNT# 27 MDS57 MD21 MD50 MDI6 MA8 
D 


ND 
FRM# STOP#| AD13 AD8 AD2 AD1 MD26 MDS55 MD22 MD19 MD48 3 MAI10 


AD31 AD26 AD22 SERR# | AD12 AD3 ADO 2 5 MDS51 MDI17 
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Figure 2. VT8601A Pin List (Numerical Order) 


Pin # Pin Name 
N26 | IO |MD06 


P01 | P |GND 
P02 | 10) VDO9 
P03 | 10) VD10 
P04 |10)VD11 
POS | 10) VDO8 
P06 | P |GND 
P21 | P |GND 
P22 |10|MD12 
P23 | 10 |MDO08 
P24 |10)MD41 
P25 | IO |MDO9 
P26 | 10 |MD40 


Pin # 
Y22 


Y23 
Y24 
¥25 
Y26 


Pin Names 
CS4# 


CS3# 
CS2# 
CS1# 
CSO# 


RO1 | 10 | VD06 
RO2 | 10 | VD04 
RO3 | 10 | VDO7 
RO4 | 10 | VDOS 
ROS | 10 | VDO3 
RO6 | 1O | VDOO 
R22 | 10 |MD44 
R23 |10 |MD10 
R24 | 10 |MD43 
R25 |1O|MD11 
R26 |1O |MD42 


TOI | 10 | VD02 
T02 |1O0|}VDO1 
TO3 |10|VHS 
T04 | P | VCC3 
TOS | O |TVD4 
T06 | O |TVD6 
T21 | P |GND 
T22 |10|MD15 
T23 |10|MD13 
T24 |10 |MD46 


AAOL 
AA02 
AA03 
AA04 
AAOS 
AA06 
AAO07 
AAO08 
AA09 
AA10 
AA13 
AA14 
AA15 
AA17 
AA18 
AAI9 
AA20 
AA21 
AA22 
AA23 
AA24 
AA25 
AA26 


OCOOCOWVVPOVVUVTTVVOVIUS SO SS VyOCO0O 


GNDV2 
VLF2 

NC 

NC 

NC 

GND 

VCC3 
AD16 

vccl 
VCC3 

GND 

GND 

GND 

vVCC3 
vccl 
MD58 
VvCC3 

GND 
VSUS2 
MAOO0 / strap 
SRASA# 
SRASB# / CKES 
SRASC# / CKE4 


Pin Name 


MAOS5S 
REO7# 
GNT5# 
GNT6# 
REQ3# 
REQI# 
AD28 
CBE3# 
GND 
CBE2# 
TRDY# 
AD14 

ADO9 

GND 
PWROK 
PGNT# 
MD61 
MD27 
MD57 

GND 

MD21 
MDS50 
MD16 
DQM6 
MAI1 / strap 
MAO9 / strap 
MAO8 / strap 


ABO1 
ABO2 
ABO3 
ABO04 
ABOS 
ABO06 
ABO7 
ABO8 
ABO9 
ABI10 
ABI1 
AB12 
AB13 
AB14 
ABI5 
AB16 
ABI7 
ABI8 
ABI9 
AB20 
AB21 
AB22 
AB23 
AB24 
AB25 
AB26 


NC 

NC 

NC 

NC 
GNTO# 
AD30 
AD25 
AD21 
DEVSEL# 


MDI18 
VSUS3 
MAO1 / strap 
MA04 
MAO3 
MAO2 / strap 


GNT7# 
GNT4# 
GNT3# 
REQ2# 
LOCK# 
AD27 

AD20 

AD19 
FRAME# 
STOP# 
AD13 

ADO08 

ADO2 

ADOI 
RESET# 
MD30 
MDS59 
MD26 
MD55 
MD22 
MD19 
MD48 
DQM3 
MA12/ strap 
MA13/ strap 
MAI10/ strap 


Pin # Pin Name ||Pin # Pin Name Pin # Pin Name 
A01 | P |GNDRGB DO2 | A |BLUE G05 | O |LP 
A02 |IO|NC DO3 | A |GRN G06 | P | VCC3 
A03 |IO|NC D04 | P |GND G21 | P | VCC3 
A04 |IO|NC DOS |1O}HD61 G22 | I |HCLK 
A05 |IO|NC DO6 | IO |HDS53 G23 | I |HLOCK# 
A06 | IO |HD62 DO7 | 10 |}HDS54 G24 |1IO|HIT# 
A07 | 10 |HD57 DO8 | IO |HD47 G25 |1IO0 |HTRDY# 
A08 | IO |HD63 DOI | IO | HD42 G26 | I |HITM# 
A09 | P |GND D10 | 10 |}HD37 HO1 | O |PDO2 
Al10 |1IO|HD45 Dil |10|}HD36 HO02 | O |PDO1 
All |1IO|HD38 D12 |10|}HD29 H03 | O |DE 
Al2 |1IO|HD34 D13 |10|}HD25 HO04 | O |PDO5 
Al13 |1IO|HD31 D14 | 10 |}HD23 HOS | O |EVEE/ 
Al4 |IO|HD16 D15 |10|}HDO7 HO06 | P | VCC3 
Al5 |/IO|HD13 D16 |IO/;HD11 H21 | P | VCCA 
Al6 |1IO|HDO3 D17 |10|}HDO08 H22 | P | VCCA 
Al17 |1IO|HD12 D18 | 10 |HD06 H23 |1O|RSO# 
A18 | P |GND D19 |1IO}HD15 H24 | P |GND 
A19 | O |CPURST# D20 | 10 |HA30 H25 |1O|RS2# 
A20 |IO|HAI8 D21 |1IO0|}HA17 H26 | IO |DBSY# 
A21 |1IO|HA20 D22 |1I0|}HA12 JO1 | O |PD04 
A22 | 10 |HA22 D23 | P |GND JO2 | O | PDO3 
A23 |IO|HAIO D24 | 10 |}HA04 J03 | O |PD08 
A24 |1O|HA28 D25 |1I0|}HA14 J04 | O |PDO7 
A25 | 10 |HAO3 D26 | IO | BNR# JOS | O]|PDI11 
A26 | P |GND E01 | 0 | VSYNC J06 | P | VCCI 
B01 | P |GNDS E02 | O |HSYNC J21 | P | VCCI 
B02 | P |GND E03 | A |IRSET J22 | O |MCLKO 
B03 |IO|}NC E04 | A |COMP J23. | 10 |DRDY# 
B04 |1IO|NC E05 | IO |HD56 J24 |10|ADS# 
BO5 |IO|NC E06 | IO |HD58 J25 | O | BREQO# 
BO6 | IO |}HDS50 E07 |1O|HD46 J26 | P |GND 
BO7 | 10 |}HDS59 E08 | IO |HD40 KO1 | O |PD12 
BO8 | IO |HD48 E09 | IO |HD27 KO02 | O |PD10 
BO9 |1IO|}HDS51 E10 |1O|HD39 KO3 | O |PD13 
B10 | 10 |}HD44 Ell | P |VTT K04 | O |PD20 
Bll |10}HD22 E12 | P |GTLREF KO5 | O |PD16 
B12 |10}HD32 E13 | IO |HD35 KO06 | O |PD06 
B13 | 10 |}HD33 E14 |IO|HD21 K21 | P | VCC3 
B14 |IO|}HD19 E15 |1O|HD30 K22 | I |MCLKI 
B15 |10}HD24 E16 |IO|HD14 K23 |IO|RS1# 
B16 | 10 |}HDO02 E17 |IO|HD18 K24 | I |PLLTST 
B17 |1I0}HD10 E18 |IO|HD17 K25 |1IO|}MDO1 
B18 |IO/;HDO1 E19 | IO |HDOO K26 | IO |MD32 
B19 |10|}HA26 E20 | IO |HA24 LO1 | O |PD17 
B20 | 10 |}HA29 E21 | P |GTLREF L02 | O |PD15 
B21 | 10 |HA23 E22 | O |CPURSTD# L03 | O |PD18 
B22 |1IO0|HA25 E23 | IO |HAO7 L04 | P | VCC3 
B23 |1IO|}HA21 E24 | IO |HREQO# L05 | O |PD09 
B24 |1IO|HA13 E25 |1IO|HREQ4# L06 | O |PD14 
B25 | 10 |HA05 E26 |1IO|BPRI# L21 | P |GNDA 
B26 |1IO |HA06 FO! | O /EVDD L22 | P |GNDA 
col | P |} VCCSs FO2 |IO|;SDA L23 | 10 |MD33 
C02 | A |}RED FO3 | 10 |SCL L24 | IO |MD35 
C03 |1IO|NC FO4 | I |ETST# L25 | IO |MD03 
C04 |IO|NC FO5 | I |SUSP L26 |1IO|MD02 
C05 |IO|NC F06 | P |GND MOl1 | O |PD23 
C06 | 10 |}HD60 F07 | P | VCC3 M02 | O |IMIO 
C07 | 10 |}HD55 FO8 | 10 |HD52 MO3 | I |IMIIN 
C08 | P |GND F09 | P | VCCI M04 | O |PD21 
Co9 | 10 |}HD41 F10 | P | VCC3 M05 | O | PD22 
C10 | 10 |}HD49 F12 | P | VCC3 M06 | O |PD19 
Cll |10|}HD43 F13 | P |GND M21 | P |GND 
C12 |10|}HD28 F14 | P |GND M22 | IO |MD34 
C13 |10|}HD26 F16 | P |GND M23 | IO |MDOO 
C14 | P |GND F17 | P | VCC3 M24 | 10 |MDO05 
C15 |10}HD20 F18 | P | VCCI M25 | IO |MD36 
C16 | 10 |}HDO9 F19 | P | VTT M26 | IO |MD04 
C17 |10|}HDO5 F20 | P | VCC3 NOI |1IO0}VD14 
C18 | 10 }HD04 F21 | P |GND NO2 |1IO}VD13 
C19 | P |GND F22 |1I0|HA15 N03 | P |GND 
C20 | 10 |HA27 F23 | 10 |HREQI# N04 |IO}VD15 
C21 |10|}HA31 F24 | 10 | HREQ2# NO5 | IO} VD12 
C22 |IO|}HA19 F25 | 10 | HREQ3# N06 | P |GND 
C23 |1I0|HA16 F26 | IO | DEFER# N21 | P |GND 
C24 | 10 |HA09 GO1 | O |EBLT N22 |1IO |MD39 
C25 |IO|HAI1 G02 | O |PDOO N23 | IO |MD37 
C26 | 10 |HA08 G03 | O |FLM N24 | IO |MDO7 
DO1 | P | VCCR G04 | O |SCLK N25 | IO |MD38 


Center GND Pins (28 pins): L11, L13-14, L16, M12-15, N11-16, P11-16, R12-15, 


Center VCC3 Pins (8 pins): L12, L15, M11, M16, R11, R16, T12, T15 
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T25 |10|MD14 
T26 |10 |MD45 

uol [10 |Vvs 

uo2 | 0 |TVD7 

U03 |10 | VCLK 

u04 | 0 |TVDS 

uos | 0 |TVD2 

U06 | P | vccs 

U21 | P |vcc3 

u22 | 0 |SCASA# 

U23 |10 |MD47 

U24 | O |SWEA#/ 

U25 | O | SWEB#/ / CKE2 
U26 | O | SWEC#/ / CKEO 
vol | 0 |TVDO 

vo2 | O |TVD1 

vo3 | 0 |TVD3 

vo4 | 0 |TVCLK 

vos | 0 |TVHS 

voo | P | VCCI 

v21 | P| vccl 

v22 | P | vSUS3 

v23 | 0 |DOMO 

v24 | O |SCASC#/ CKE1 
v25 | O |SCASB# / CKE3 
v26 | P |GND 

wo1 | P |VCCD 

wo2 | P |Vccv1 

wo3 | 0 |TVvs 

wo4 | 0 |XLTO 

wos | O |INTA# 

Woe | P | VCC3 

w21 | Oo |css# 

W22 | P | VSUS3 

w23 | 0 |DQM1 

Ww24 | P |GND 

w25 | 0 |DQMS5 

w26 | 0 |DOM4 

Y01 | P |GNDV1 

yo2 | P |vccv2 

Y03 | A | VLF1 

yo4 | I |XLTI 

Y05 |10|NC 

Yoo | P |vcc3 

y21 | P| vcc3 


T11, T13-14, T16 


243: 


ACO1 
AC02 
AC03 
AC04 
ACO05 
AC06 
ACO7 
ACO08 
ACO09 
AC10 
AC11 
AC12 
AC13 
AC14 
AC15 
AC16 
ACI7 
AC18 
AC19 
AC20 
AC21 
AC22 
AC23 
AC24 
AC25 


MAO7/ strap 
MAO06 


GND 
REQ4# 
GNT2# 
GNT1# 
AD31 
AD26 
AD22 
AD18 
GND 
SERR# 
AD12 
CBEO# 
ADO03 
ADOO 
PCKRUN# 
MD62 
MD28 
GND 
MD24 
MD53 
MDS51 
MD17 
DQM7 
DQM2 
MAI14/ strap 
GND 
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Figure 3. VT8601A Pin List (Alphabetical Order) 


Pin # Pin Name Pin Name Pin Name_ |Pin # Pin Name Pin Names Pin Name 
AF14 | IO | ADOO P HDO2 AA23| O |MAO0/ strap O | SWEB#/ / CKE2 
AE14 | IO | ADO1 P HDO03 AB23 | O |MAOI1 / strap O |SWEC#/ / CKEO 
AE13 | IO | ADO2 P HDO04 AB26 | O |MAO2/ strap IO | TRDY# 
AF13 | IO | ADO3 P HDO5 AB25 | O |MA03 O | TVCLK 
AC14]} 10 | AD04 P HDO6 AB24 | O |MA04 O |TVDO 
AB14] IO | ADOS P HDO7 AC26 | O |MA05 O |TVDI1 
AC13 | IO | AD06 P HDO8 AC25 | O |MA06 O |TVD2 
AB13 | IO | ADO7 P HDO9 AC24 | O |MAO7/ strap O |TVD3 
AE12 | IO | ADO8 P HD10 AD26| O |MAO8 / strap O |TVD4 
AD12 | IO | ADO9 P HD11 AD25| O |MA09 / strap O |TVD5 
AB12) 10 | AD10 P HD12 AE26 | O |MA10/ strap O |TVD6 
AC12|1I0 | AD11 P HD13 AD24/| O |MAI1/strap O |TVD7 
AFI11 | IO | AD12 P HD14 AE24 | O |MA12/ strap O |TVHS 
AE11 | 10 | AD13 P HD15 AE25 | O |MA13/ strap O |TVVS 
AD11/1O|AD14 P HD16 AF25 | O |MA14/ strap P | VCC3 
AC11 |IO|AD15 P HD17 K22 | I |MCLKI P | VCC3 
AA08 | IO | AD16 P HD18 J22_ | O |MCLKO P | VCC3 
AC09 | IO | AD17 P HD19 M23 | IO |MDOO P | VCC3 
AF08 | IO | AD18 P HD20 K25 |1IO|}MDO1 P | VCC3 
AEO08 | IO | AD19 P HD21 L26 |IO|MDO02 P | VCC3 
AE07 | IO | AD20 P HD22 L25 | IO |MD03 P | VCC3 
AB08 | IO | AD21 P HD23 M26 | IO |MD04 PAR P | VCC3 
AFO07 | IO | AD22 P HD24 M24 | IO |MDO05 PCKRUN# P | VCC3 
AC08 | IO | AD23 P HD25 N26 | IO |MD06 PCLK P | VCC3 
AC07 | IO | AD24 P HD26 N24 | IO |MDO7 PDOO P | VCC3 
ABO7 | IO | AD25 P HD27 P23 | 10 |MDO08 PDO1 P | VCC3 
AF06 | IO | AD26 P HD28 P25 | 10 |MD09 PDO2 P | VCC3 
AE06 | IO | AD27 P HD29 R23 |IO|MD10 PDO3 P | VCC3 
AD06 | IO | AD28 P HD30 R25 |IO|MDI11 PDO04 P | VCC3 
AC06 | IO | AD29 P HD31 P22 | 10 |MD12 PDOS5 P | VCC3 
ABO06 | IO | AD30 P HD32 T23 |IO|MD13 PD06 P | VCC3 
AFO05 | IO | AD31 P HD33 T25 |IO|MD14 PDO7 P | VCC3 
J24 |10 | ADS# P HD34 T22 |IO|MD15 PDO8 P | VCC3 
DO2 | A |BLUE P HD35 AD22|1IO |MD16 PDO9 P | VCC5 
D26 |1O|BNR# P HD36 AF22 | IO |MD17 PD10 P | VCCA 
E26 |1O|BPRI# P HD37 AB21 |IO|MD18 PD11 P | VCCA 
J25_ | O | BREQO# O HD38 AE21 | IO |MD19 PD12 P | VCCD 
AF12 | IO | CBEO# O HD39 AB20 | IO |MD20 PD13 P | VCCI 
AB11 | IO |CBE1# oO HD40 AD20 | IO |MD21 PD14 P | VCCI 
AD09 | IO | CBE2# O HD41 AE20 | IO |MD22 PD15 P | VCCI 
AD07 | IO | CBE3# O HD42 AC19 | IO |MD23 PD16 P | VCCI 
E04 | A |COMP O HD43 AF19 | IO |MD24 PD17 P | VCCI 
Al19 | O |CPURST# O HD44 AC18 | IO |MD25 PD18 P | VCCI 
E22 | O |CPURSTD# O HD45 AE18 | IO |MD26 PD19 P | VCCI 
Y26 | O |CSO# A HD46 AD17 | IO |MD27 PD20 P | VCCI 
Y25 | O |CSI1# P HD47 AFI7 | IO |MD28 PD21 P | VCCR 
Y24 | O |CS2# P HD48 AB17 | IO |MD29 PD22 P | VCCS 
Y23 | O |CS3# HD49 AE16 | IO |MD30 PD23 P | VCCV1 
Y22 | O |CS4# HDS50 AC16 | IO |MD31 PGNT# P | VCCV2 
W21 | O |CS5# HDS1 K26 | IO |MD32 PLLTST IO | VCLK 
H26 | IO |DBSY# HD52 L23 | IO |MD33 PREQ# IO | VDOO 
HO03 | O |DE HDS53 M22 | IO |MD34 PWROK 10 | VDO1 
F26 | IO | DEFER# HD54 L24 | 10 |MD35 RED IO | VD02 
ABO9 | IO | DEVSEL# HDS55 M25 | IO |MD36 REQO# IO | VD03 
V23 | O |DQMO HD56 N23 | IO |MD37 REQI# 10 | VD04 
W23 | O |DQMI1 HD57 N25 | IO |MD38 REQ2# IO | VDO5 
AF24 | O |DQM2 HD58 N22 | IO |MD39 REQ3# 10 | VD06 
AE23 | O |DQM3 HD59 P26 | 10 |MD40 REQ4# IO | VD0O7 
W26 | O |DQM4 HD60 P24 | 10 |MD41 REQS# IO | VDO8 
W25 | O |DQM5 HD61 R26 | IO |MD42 REQ6# IO | VD09 
AD23 |} O |DQM6 HD62 R24 | IO |MD43 REQ7# 10 | VD10 
AF23 | O [DQM7 HD63 R22 |1IO0|MD44 RESET# IO} VD11 
J23_ | 10 |DRDY# HIT# T26 |1I0|MD45 RSO# 10} VD12 
G01 | O |EBLT HITM# T24 |1I0|MD46 RS1# 10} VD13 
FO4 | I |ETST# HLOCK# U23 | IO |MD47 RS2# 10} VD14 
FO! | O J/EVDD HREQO# AE22 | IO |MD48 SCASA# 10 | VD15 
HOS | O |EVEE HREQI# AC21 | IO |MD49 SCASB# / CKE3 10 | VHS 
G03 | O |FLM HREQ2# AD21 | IO |MD50 SCASC# / CKE1 A | VLFI 
AEO09 | IO | FRAME# HREQ3# AF21 | IO |MDS51 SCLK A | VLEF2 
A09 | P |GND HREQ4# AC20 | IO |MD52 SCL P | VSUS2 
A18 | P |GND HSYNC AF20 | IO |MD53 SDA P | VSUS3 
A26 | P |GND HTRDY# AB19 | IO |MD54 SERR# P | VSUS3 
B02 | P |GND IMIO AE19 | IO |MD55 SRASA# P_| VSUS3 
C08 | P |GND IMIIN AB18 | IO |MD56 SRASB# / CKE5S O | VSYNC 
C14 | P |GND INTA# AD18 | IO |MD57 SRASC# / CKE4 P |VTT 
C19 | P |GND IRDY# AA19| IO |MD58 STOP# P (|VTT 
DO04 | P |GND IRSET AE17 | IO |MD59 SUSP 10 | VVS 
D23 | P |GND LOCK# AC17 | IO |MD60 SUST# I |XLTI 
F06 | P |GND LP AD16 | IO |MD61 SWEA# O |XLTO 
Center GND Pins (28 pins): L11, L13-14, L16, M12-15, N11-16, P11-16, R12-15, T11, T13-14, T16 

Center VCC3 Pins (8 pins): L12, L15, M11, M16, R11, R16, T12, T15 
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PIN DESCRIPTIONS 


Table 1. VT8601A Pin Descriptions 
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CPU Interface 

HA[31:3]# Host Address Bus. Connect to the address bus of the host CPU. These pins are inputs 
during CPU cycles, but are driven by the VT8601A during cache snooping operations. 

HD[63:0]# IO | Host CPU Data. These signals are connected to the CPU data bus. 

ADS# 

BNR# Block Next Request. Used to block the current request bus owner from issuing new 
requests. This signal is used to dynamically control the processor bus pipeline depth. 

BPRI# E26 Priority Agent Bus Request. The owner of this signal will always be the next bus owner. 
This signal has priority over symmetric bus requests and causes the current symmetric 
owner to stop issuing new transactions unless the HLOCK# signal is asserted. The 
VT82C693 drives this signal to gain control of the processor bus. 

DBSY# Data Bus Busy. Used by the data bus owner to hold the data bus for transfers requiring 
more than one cycle. 

DEFER# Defer. The VT8601A uses a dynamic deferring policy to optimize system performance. 
The VT8601A also uses the DEFER# signal to indicate a processor retry response. 

DRDY# Data Ready. Asserted for each cycle that data is transferred. 

HIT# Hit. Indicates that a cacheing agent holds an unmodified version of the requested line. 
Also driven in conjunction with HITM# by the target to extend the snoop window. 

HITM# Hit Modified. Asserted by the CPU to indicate that the address presented with the last 
assertion of EADS# is modified in the L1 cache and needs to be written back. 

HLOCK# Host Lock. All CPU cycles sampled with the assertion of HLOCK# and ADS# until the 
negation of HLOCK# must be atomic. 

BREQO# Bus Request 0. Bus request output to CPU. 

HREQ[4:0]# Request Command. Asserted during both clocks of the request phase. In the first clock, 
the signals define the transaction type to a level of detail that is sufficient to begin a snoop 
request. In the second clock, the signals carry additional information to define the 
complete transaction type. 

HTRDY# Host Target Ready. Indicates that the target of the processor transaction is able to enter 
the data transfer phase. 

RS[2:0]# Response Signals. Indicates the type of response per the table below: 

RS[2:0]# Response type 

000 Idle State 

001 Retry Response 

010 Defer Response 

O11 Reserved 

100 Hard Failure 

101 Normal Without Data 

110 Implicit Writeback 

111 Normal With Data 
CPURST# CPU Reset. Reset output to CPU 
CPURSTD# CPU Reset Delayed. CPU Reset output delayed by 2T. 
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DRAM Interface 
Signal Name Pin # VO | Signal Description 
MD[63:0] see pin list IO | Memory Data. 


MA[14:0] AF25, AE25, AE24, Memory Address. DRAM address lines. These pins are also used for 

/ Strap Options AD24, AE26, AD25, power-up strapping options (sampled on the rising edge of RESET#): 
AD26, AC24, AC25, MA14,12 Rx68[1-0] CPU FSB Freq (0=66, 1=100, 2=rsvd, 3=133) 
AC26, AB24, AB25, MAI3 Rx52[7] GTLIJ/O Buffer Pullup (L=Enable, H=Disable) 
AB26, AB23, AA23 MAII1 Rx50[7] In-Order Queue Depth (L=4-level, H=1-level) 


MA10-9 North Bridge Clock Delay (0-3 Clocks) 
MA8, 2 Graphics Clock Select (O=Normal, 1-3=Test) 
MA7 Graphics Test Mode (L=Normal, H=Test) 
MAI1-0 Graphics Clock Delay (0-3 Clocks) 


All pins have internal pull-downs for default low (L). 
Strap high (H) using 4.7KQ TO VCC3. 


CKES5# / SRASB#, SDRAM Clock Enable. Clock enables 5-0 may be connected to the 
CKE4# / SRASC#, DRAM modules in any order. Each DRAM module requires 2 clock 
CKE3# / SCASB#, enables. 
CKE2# / SWEB#, Note: These pins are powered by VSUS 
CKE1# / SCASC#, 
CKE0# / SWEC# 
CS[5-0]# W21, Y22, Y23, O Chip Select. One per bank (powered by VSUS) 
Y24, Y25, Y26 
DQM[7:0] AF23, AD23, W25, Data Mask. One per byte lane (powered by VSUS) 


W26, AE23, AF24, 
W23, V23 
SRASA#, AA?24, Row Address Command Indicator. For support of up to three 
SRASB# / CKES, AA25, Synchronous DRAM DIMM slots (these are copies of the same logical 
SRASC# / CKE4 AA26 signal). “A” controls banks 0-1 (module 0), “B” controls banks 2-3 
(module 1), and “C” controls banks 4-5 (module 2). 


SCASA#, Column Address Command Indicator. For support of up to three 
SCASB# / CKE3 Synchronous DRAM DIMM slots (these are copies of the same logical 
SCASC# / CKE1 signal). “A” controls banks 0-1 (module 0), “B” controls banks 2-3 


(module 1), and “C” controls banks 4-5 (module 2). 


SWEA#, Write Enable Command Indicator. For support of up to three 
SWEB# / CKE2, Synchronous DRAM DIMM slots (these are copies of the same logical 
SWEC# / CKEO signal). “A” controls banks 0-1 (module 0), “B” controls banks 2-3 


(module 1), and “C” controls banks 4-5 (module 2). Note: These pins 

are powered by VSUS. 

Note: Clocking of the memory subsystem uses memory clock (MCLK); see the clock pin group at the end of the pin descriptions 
section for descriptions of the clock pins. 

Note: Connect all memory interface pins except MD to the DRAM modules through 22Q series resistors (see the Apollo PLE133 
Design Guide” for more specific connection details and PCB layout recommendations). 
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PCI Bus Interface 


Signal Name Pin # V/O | Signal Description 
AD[31:0] see pin list IO | Address/Data Bus. The standard PCI address and data lines. The address is 


driven with FRAME# assertion and data is driven or received in following 
cycles. 
CBE[3:0]# AD7, ADY, AB11, Command/Byte Enables. Commands are driven with FRAME# assertion. 


AF12 Byte enables corresponding to supplied or requested data are driven on 
following clocks. 


PAR AB10 Parity. A single parity bit is provided over AD[31:0] and C/BE[3:0]. 

FRAME# AE9 IO | Frame. Assertion indicates the address phase of a PCI transfer. Negation 
indicates that one more data transfer is desired by the cycle initiator. 1O0KOQ 
pullup to VCC3. 

IRDY# AC10 IO | Initiator Ready. Asserted when initiator is ready for data transfer. 10KQ 

TRDY# Target Ready. Asserted when target is ready for data transfer. 1OKQ pullup to 
VCC3. 

STOP# AE10 IO | Stop. Asserted by the target to request the master to stop the current 
transaction. [OKO pullup to VCC3. 

DEVSEL# AB9 IO | Device Select. This signal is driven by the PLE133 when a PCI initiator is 


attempting to access main memory. It is an input when the PLE133 is acting as 


a PCI initiator. 1OK© pullup to VCC3. 


LOCK# AES IO | Lock. Used to establish, maintain, and release resource lock. 1OKQ pullup to 
VCC3. 


SERR# AF10 IO | System Error. The PLE133 will pulse this signal when it detects a system 
error condition (LOKQ pullup to VCC3). 

PREQ# South Bridge Request. This signal comes from the South Bridge. PREQ# is 
the South Bridge request for the PCI bus. 1OKQ pullup to VCC3. 

PGNT# South Bridge Grant. This signal driven by the PLE133 to grant PCI access to 
the South Bridge. 1OKQ pullup to VCC3. 

REQJ[7:0]# AD1, AC3, AC2, AF2, PCI Master Request. PCI master requests for use of the PCI bus. 2.2KO 

AD4, AE4, ADS, AC5 pullup to VCC5. 
GNT[7:0]# AE1, AD3, AD2, PCI Master Grant. Permission is given to the master to use the PCI bus. 


AE2, AE3, AF3, AF4, 2.2KQ pullup to VCC3. 
AB5 


INTA# PCI Interrupt Out. INTA# is an asynchronous active low output used to 
signal an event that requires handling. It is driven by the integrated graphics 
controller. 


Note: Clocking of the PCI interface is performed with PCLK; see the clock pin group at the end of the pin descriptions section for 
descriptions of the clock input pins. 
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Clock / Reset Control 

Signal Name Pin # VO Signal Description 

HCLK Host Clock. This pin receives the host CPU clock. This clock is used by all logic in 
the host CPU domain. It is driven by the external clock synthesizer. 

MCLKI Memory Clock In. This clock is used by internal clock logic to maintain the proper 
phase relationship with MCLKO. It is driven by the external clock synthesizer. 

MCLKO Memory Clock Out. Created on-chip from MCLKI and used by the memory 
controller as a timing reference for creation of all memory timing sequences. It is 
connected to the external clock chip for use in maintaining proper phase relationships. 

PCLK AB15 PCI Clock. This clock is used by all on-chip logic in the PCI clock domain. This input 
must be 33 MHz maximum to comply with PCI specification requirements and must be 
synchronous with the host CPU clock (HCLK) with an HCLK:PCLK frequency ratio of 
2:1 (66MHz CPU clock) or 3:1 (100 MHz CPU clock). The PCI clock needs to be 

. controlled to within 1.5 + 0.5 nsec relative to the host CPU clock (CPU leads). 

PCKRUN# AF15 PCI Clock Run. For implementation of PCI bus clock control for low-power PCI bus 
operation. Refer to the “PCI Mobile Design Guidelines” and “Apollo PLE133 Design 
Guide” documents for additional information. 

XLTI Y4 Crystal Input. 14.31818 MHz for the video clock synthesizer reference. Connect to a 

| 14.31818 MHz clock source if a crystal not used. Connect to main ground plane GND 
with 10Pf if using a crystal. 

XLTO Ww4 Crystal Output. 14.31818 MHz for the video clock synthesizer reference. Leave open 

| if a clock source is used instead of a crystal. Connect to main ground plane GND with 
10Pf if using a crystal. 

RESET# Reset. Driven from the South Bridge PCIRST# signal. When asserted (low), this 
signal resets the PLE133 and sets all register bits to the default value. This signal also 
connects to the PCI bus (South Bridge RESET drives the ISA bus if implemented). The 
rising edge of this signal is used to sample all power-up strap options (see memory 
interface MA pins). 

CPURST# O CPU Reset. CPU Reset output to the host CPU. 

CPURSTD# O CPU Reset Delayed 2T. Alternate CPU Reset output to the host CPU 

PWROK 

SUST# Suspend Status. For implementation of the Suspend-to-DRAM feature. Input logic for 
this pin is powered by VSUS. Connect to the South Bridge SUST# pin or to a 10OKQO 
pullup to VSUS if not used. 

SUSP F5 Suspend. Used to put the integrated graphics controller into suspend state. Input logic 
for this pin is powered by VCC3. Connect to South Bridge GPO pin or to a 1OKO 
pullup to VCC3 if not used. 

Miscellaneous 

ETST# 

IMIO | M2 [ O_ |IMIOut. Leaveopen 

IMIIN M3 I IMI In. 4.7KQ pullup to VCC3. 
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Signal Name 
RED 


GRN 


CRT Interface 


Pin # V/O | Signal Description 
2 


Cc 


A | Red. Red analog output to the CRT. Connect 75Q load resistor to GNDR (RGB Return) 
and connect to VGA connector through a series ferrite bead and 10pF capacitors to GNDR 
on both input and output sides of the bead (see “Apollo PLE133 Design Guide”). 


BLUE 
HSYNC 


VSYNC 


SDA 


SCL 


D3 A | Green. Green analog output to the CRT. Connect same as RED. 
D2 A_ | Blue. Blue analog output to the CRT. Connect same as RED. 


E2 O | Horizontal Sync. Digital horizontal sync output to the CRT. Also used (with VSYNC) 
to signal power management state information to the CRT per the VESA™ DPMS™ 
standard. Connect to VGA connector through a series 47Q resistor and 120pF capacitor 

O 


to ground (see “Apollo PLE133 Design Guide’). 
Vertical Syne. Digital vertical sync output to the CRT. Also used (with HSYNC) to 
signal power management state information to the CRT per the VESA™ DPMS™ 
standard. Connect to VGA connector through a series 47Q resistor and 120pF capacitor 
to ground (see “Apollo PLE133 Design Guide”). 


F2 IO | DDC Data/Address. Serial °C protocol for VESA™ DDC2B signaling to the CRT. 


Connect this pin to VCC5 through a 4.7KQ pullup. Connect to the VGA connector only 
(pin 12 of the connector). Connect through a ferrite bead and 120pF capacitor to ground 
(on the output side of the bead). Refer to the “Apollo PLE133 Design Guide” for 
additional information. 


F3 IO | DDC Clock. Serial I’C protocol for VESA™ DDC2B signaling to the CRT. Connect this 


pin to VCC5 through a 4.7KQ pullup. Connect to the VGA connector only (pin 15 of the 
VGA connector). Connect through a ferrite bead and 120pF capacitor to ground (on the 
output side of the bead). Refer to the “Apollo PLE133 Design Guide” for additional 
information. 


DFP Interface 


Signal Name Pin # V/O | Signal Description 


PD[23-0] (see pin list) O | Panel Data. Digital pixel data outputs to the panel. 

SCLK 
DE O | Data Enable. Indicates valid data on PD[23-0]. 

LP Line Pulse. Digital monitor equivalent of HSYNC. 

FLM First Line Marker. Digital monitor equivalent of VSYNC. 

EVDD 
EVEE 
EBLT Gl O | Enable Panel Backlight. 


Note: Connect SHFCLK, DE, LP, and FLM to external TMDS transmitters through series 22Q resistors. See the “Apollo PLE133 
Design Guide” for DFP interface design examples and additional information. 
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VD[15-0] 


VHS 
VVS 
VCLK 


N4, N1, N2, N5, P4, P3, P2, P5, 
R3, RI, R4, R2, R5, T1, T2, R6 
T3 


TV Input / Video Interface 
Signal Name | Ping VO | Signal Description 


Video Capture / Playback Data. 


Video Horizontal Syne. Connect to TV decoder if used. 


IO _ | Video Vertical Syne. Connect to TV decoder if used. 
IO_| Video Clock. Connect to TV decoder through a series 220 resistor. 


Note: Refer to the “Apollo PLE133 Design Guide” for video interface design examples. 


TV Output Interface 


Signal Name 


Pin # 


Signal Description 


TVD[7-0] 
TVHS 
TVVS 
TVCLK 


U2, T6, U4, T5, V3, U5, V2, V1 


O | TV Output Data. Connect to TV encoder if used. 


O | TV Horizontal Syne. Connect to TV encoder if used. 


W3 


O | TV Vertical Sync. Connect to TV encoder if used. 


TV Clock. Connect to TV encoder through a series 22Q resistor. 


Note: Refer to the “Apollo PLE133 Design Guide” for TV interface design examples. 
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Clock Power / Ground and Filtering 


Power for North Bridge Clock Circuitry (2.5V +5%). Connect to VCCI through a 
ferrite bead and decouple to GNDA with 0.001Uf and 0.1Uf ceramic and 10Uf tantalum 
capacitors (see “Apollo PLE133 Design Guide’). 

Ground for North Bridge Clock Circuitry. Connect to main ground plane GND 
through a ferrite bead. (see “Apollo PLE133 Design Guide’’). 


Power for Video Clock Synthesizer 1 Analog Circuitry (2.5V +5%). Connect to 
VCCI through a ferrite bead and decouple to GNDV1 with 0.001Uf and 0.1Uf ceramic 
and 10Uf tantalum capacitors (see “Apollo PLE133 Design Guide’). 

Ground for Video Clock Synthesizer 1. Connect to main ground plane through a 
ferrite bead. 


Power for Video Clock Synthesizer 2 Analog Circuitry (2.5V +5%). Connect to 
VCCI through a ferrite bead and decouple to GNDV2 with 0.001Uf and 0.1Uf ceramic 
and 10Uf tantalum capacitors (see “Apollo PLE133 Design Guide’). 

Ground for Video Clock Synthesizer 2. Connect to main ground plane through a 
ferrite bead. 

Low Pass Filter Capacitor for Video Clock Synthesizer 2. Connect to GNDV2 
through a 560Pf capacitor. 


A_ | Low Pass Filter Capacitor for Video Clock Synthesizer 1. Connect to GNDV1 
through a 560Pf capacitor. 


Signal Name 
VCCS 


Signal Name 

VCCA H21, H22 

GNDA L21, L22 
vccvl1 W2 

GNDV1 Y1 P 
VLF1 Y3 

VCCV2 Y2 

VLF2 AA2 

PLLTST K24 


PLL Test. Pull down with 4.7K resistor for normal operation. 


Signal Description 


Power for RAMDAC Current Source Circuitry (2.5V +5%). Connect to VCCI 
through a ferrite bead and decouple to GNDS with 0.001uF and 0.1uF ceramic and 
10uF tantalum capacitors (see “Apollo PLE133 Design Guide’’). 


GNDS Ground for RAMDAC Current Source Circuitry. Connect to main ground plane 
through a ferrite bead. 

COMP Compensation Capacitor. RAMDAC analog control. Connect to VCCS using a 0.1 
uF capacitor. 

IRSET RAMDAC Current Set Point Resistor. RAMDAC analog control. Connect to 
GNDS through a 360Q 1% resistor. 

GNDRGB Al P_ | RGB Video Output Return. Connection point for the RGB load resistors. Also used 


as a shield for the RGB video output traces to the VGA display connector. Connects to 
RGB return pins 6, 7, and 8 of the VGA connector. Connect to main ground plane 
through a ferrite bead. Refer to the “Apollo PLE133 Design Guide” for more specific 
connection and PCB layout details. 


Commonly Used Prefix / Suffix Letters in Signal Names: 


I= Internal Logic 

M = Memory (SDRAM) Interface 

H = Host CPU Interface 

P = PCI Bus Interface 

G = AGP Bus (internal in PLE133) 

GM = Graphics Memory Interface 

U (or USB) = USB (Universal Serial Bus) 
H (or HWM) = Hardware Monitoring 
SUS = Suspend Power 
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A = North Bridge Clock Synthesizer 
V1 = Video Clock Synthesizer PLL1 
V2 = Video Clock Synthesizer PLL2 
D = Video Clocks Digital Data Path 
R= RAMDAC Digital Data Path 

S =RAMDAC Current Source 

RGB = Analog Video Out Return 
TV =TV Out 

V = TV In/ Video Capture 


ag [= 
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Signal Name 
VCC5 


Digital Power and Ground 


VO 


Signal Description 


Power for Display / Video Interfaces (SV +5%). Power for CRT 
H/VSYNC, DFP interface, video interface, and TV interface. Used to 
provide adequate output voltage swing for driving external video 


devices. Also used to provide 5V input tolerance from those 
interfaces. 
VCC3 F7, F10, F12, F17, F20, G6, Power for On-Board Interfaces (3.3V +5%). Power for host CPU / 
G21, H6, K21, L4, L12, L15, L2 Cache interface, PCI bus interface, and memory interface (except 
M11, M16, R11, R16, T4, T12, pins listed below under VSUS). 
T15, U21, W6, Y6, Y21, AA7, 
AA10, AA17, AA20 
VSUS3 V22, W22, AB22 Suspend Power (3.3V +5%). Power for memory interface signals 
SRASC#, SCASC#, SWEC#, SWEB#, RAS[5-0]#, CAS[7-0]#, and 
SUST#. Connect to VCC3 if suspend functions are not implemented. 
VSUS2 Suspend Power (2.5V +5%). Connect to VCCI if suspend functions 
are not implemented. 
VCCI 
VCCD Power for Video Clock Synthesizer Digital Logic (2.5V +5%). 


F9, F18, J6, J21, V6, V21, P_ | Power for On-Chip Internal Logic (2.5V +5%). 
AAY, AA18 
P 


Connect to VCCI through a ferrite bead and decouple to main ground 
plane GND with 0.00luF and 0.1luF ceramic and 10uF tantalum 
capacitors (see “Apollo PLE133 Design Guide”). 

Power for RAMDAC Video Output Digital Logic (2.5V +5%). 
Connect to VCCI through a ferrite bead and decouple to main ground 
plane GND with 0.001luF and 0.1luF ceramic and 10uF tantalum 
capacitors (see “Apollo PLE133 Design Guide”). 


7 


VIT 
GTLREF E12, E21 P | CPU Interface GTL+ Voltage Reference. 2/3 VTT +2%. Derived 
from the termination voltage to the pullup resistors. Determines the 
noise margin for the host CPU interface signals. Internally connects to 
the GTL" sense amp on each GTL* input or I/O pin. 
GND AY, Al8, A26, B2, C8, C14, Ground. Connect to primary PCB ground plane. 
C19, D4, D23, F6, F13-F14, 
F16, F21, H24, J26, L11, 113, 
L14, L16, M12-M15, M21, 
N3, N6, N11-N16, N21, P1, P6, 
P11-P16, P21, R12-R15, T11, 
713, T14, T16, T21, V26, 
W24, AAG, AA13-AA15, 
AA21, AC4, AC23, AD8, 
AD13, AD19, AF1, AF9, 
AF18, AF26 
NC A2-A5, B3-B5, C3-C5, Y5, No Connect. 


AA3-AA5, ABI-AB4, ACI 
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REGISTERS 
Register Overview 


The following tables summarize the configuration and I/O 
registers of the PLE133. These tables also document the 
power-on default value (“Default”) and access type (“Acc”) 
for each register. Access type definitions used are RW 
(Read/Write), RO (Read/Only), “—” for reserved / used 
(essentially the same as RO), and RWC (or just WC) (Read / 
Write 1’s to Clear individual bits). Registers indicated as RW 
may have some read/only bits that always read back a fixed 
value (usually 0 if unused); registers designated as RWC or 
WC may have some read-only or read write bits (see 
individual register descriptions following these tables for 
details). All offset and default values are shown in 
hexadecimal unless otherwise indicated. 
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Register Summary Tables 


Table 2. Register Summary 


V/O Ports 
Port # |I/O Port Default _|Acc 
22 |PCI/ AGP Arbiter Disable 00 RW 


CFB-8 |Configuration Address 0000 0000 [RW 


CFF-C [Configuration Data 0000 0000 [RW 


-23- 
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Device 0 Bus 0 Registers - Host Bridge 
PCI Configuration Registers 


Device ID 
Command 


Device-Specific Configuration Registers (continued) 


IPCI BufferControl ——s———‘irL:CSC CdR 
ICPUto PCI Flow Control! _————s|| ~— 00s RWI 
CPU to PCI Flow Control 2 


Status 


PCI Master Control 1 


Revision ID 


PCI Master Control 2 


Program Interface 
Sub Class Code 


Base Class Code 


-reserved- (cache line size) 


13-10 |Graphics Aperture Base 
14-27 |-reserved- (base address registers) 
-reserved- (unassigned) 


Subsvstem Vendor ID 


Subsvstem ID 


-reserved- (expan ROM base addr) 
Canabilitv Pointer 


-reserved- (unassigned) 


-reserved- (interrupt line & pin) 
-reserved- (min gnt and max latencv) 00 


Device-Specific Configuration Registers 


Offset |CPU Interface Control 
Request Phase Control 


Response Phase Control 


52. |Dvnamic Defer Timer 10 RW 
53 |Miscellaneous 00 RW 
55-54 |Non-Cacheable Region #1 0000 RW 
57-56 |Non-Cacheable Region #2 0000 RW 


Offset [DRAM Control Default 


59-58 [IMA Map Tvpe 0000 RW 
5A-5F [DRAM Row Ending Address: 
SA Bank 0 Ending (HAI29:221) 01 RW 


Bank 1 Ending (HA[29:221) RW 
Bank 2 Ending (HAI29:221) RW 
Bank 3 Ending (HAI29:221) RW 
Bank 4 Ending (HAI29:221) 


ROM Shadow Control EOQQOO-FFFFF 
DRAM Timing for Banks 0.1 
DRAM Timing for Banks 2.3 
DRAM Timing for Banks 4.5 
-reserved- (unassigned) 

DRAM Control 

DRAM Clock Select 

DRAM Refresh Counter 


RW 
RW 
RW. 
RW. 
RW 


SDRAM Control 
DRAM Control Drive Strength 
6E-6F |-reserved- (unassigned) 00 — 
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Miscellaneous Control | oo [RWI 
l-reserved- ss —“;‘*™SC—C~C*srSC‘i‘iSCédT + 


DLL Test Mode (do not program) | 00s RWI 
-reserved- ——“‘“‘;CS™C*drSC*‘iOSCS | 


-reserved- 

Graphics Aperture Size 00 RW. 

|-reserved-(unassiened) sd] SOO | — | 
| oo | — | 


-reserved- (unassigned) 


AGP Control 


[AGP Next Item Pointer | 00 = RO 
|-reserved- (unassigned) | 00 
0000 0000 
00 
00 


ee | 

AT-A4|AGP Status ——~—~—~—CSCSCSC«d 700 0203 | RO 
AB-A8|AGP Command RW 
AC_|{AGP Control RW 
AD __|AGP Latency RW. 
AC-EF|-reserved- (unassigned) _————id| SOs — | 


Offset |BIOS Scratch 
FO-F7 [BIOS Scratch | 00 [RW] 


Offset [Miscellaneous Control Default |Acc 
F8 _|DRAM Arbitration Timer 1 00 RW 
DRAM Arbitration Timer 9 
CPU Direct Access FB Base Address 
Frame Buffer Conrol 


Offset |Back Door Control 
FC_|Back DoorControll Cid CC” 
FD __|Back Door Control 2 

FF-FE |Back Door Device ID 


0000 0000 [RW 
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Device 1 Bus 0 Registers - PCI-to-AGP Bridge 


PCI Configuration Registers Device-Specific Configuration Registers 


AGP Control 
| 40 |CPU-to-AGP Flow Control 1 


Vendor ID 


Device ID CPU-to-AGP Flow Control 2 


AGP Master Control 


43-4F |-reserved- (unassigned) 00 — 


Base Class Code 

-reserved- (cache line size) 
Latency Timer 

Header Type 

Built In Self Test (BIST) 
-reserved- (base address registers) 
Secondary Bus Number 00 
Subordinate Bus Number 

-reserved- (secondary latency timer) 
I/O Base 

I/O Limit 

Secondary Status 

Memory Base 

Memory Limit (Inclusive) 


| 25-24 |Prefetchable Memory Base__—|_FFFO_ [R 
| 27-26 |Prefetchable Memory Limit _—|_0000_|R 


rs) WR 
2\| |Z||2 


mi 
= 


BIER 
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Device 0 Bus 1 Registers - 2D /3D Graphics Accelerator 


PCI Configuration Registers AGP Registers (2300-23FF) 

V/O Port _|AGP Configuration Regs 
1-0 [Vendor ID 2303-2300 |(See PCI Bus Master Regs) | | 
3-2 |Device ID 2307-2304 _|Capability List | — {RWI 

230F-2308 __|-reserved- mae 
7-6 [PCI Status 2323-2310 |(See PCI Bus Master Regs) | | 
2333-2324 _|-reserved- [| — | —| 
Register Level 00 2337-2334 |Capability List Address | — — |RWI 
Sub Class Code 233F-2338 _|-reserved- mae 

Base Class Code VO Port |AGP Operation Registers 


-reserved- 2343-2340 |FB Command List Start Addr 
Memory Base 0 (8MB display mem) [E000 0000 2347-2344 |FB Command List Size 


Memory Base | (128K mem map IO) |E080 0000 234B-2348 [Ch 1 FB Start Addr / Pitch 
Memory Base 2 (8MB video overlay) 234F-234C_ |Ch 1 Frame Buffer Size 
-reserved- 2353-2350 |Ch 1 System Start Address — RW 
2357-2354 |Ch1 & 2 System Side Pitch | — [RW] 
Subsystem ID 235B-2358 |Ch2 System Start Address | — [RWI 
Expansion ROM Base 235F-235C_ |Ch 2 FB Start Addr / Pitch RW 
-reserved- 2363-2360 |Ch2 FB Size RW 
Interrupt Line 2367-2364 |Ch Arb Counter Threshold RW 
Interrupt Pin 236B-2368 {Channel 1/0 Control RW 
-reserved- 236F-236C_ |Global & Channel 2 Control RW 
Device-Specific Configuration Acc 2373-2370 |Cmd List / Ch 0/1/2 Op Status RW 
-reserved- 237F-2374 _ |-reserved- — 
VO Port _|AGP Configuration Regs 
97-94 |Power Management 2 2383-2380 |Capability Identifier | — [RW] 
98-FF |-reserved- = = 2387-2384 |AGP Status | — {RWI 
238B-2388 |AGP Command | — [RWI 
PCI Bus Master Registers (2204, 2300, 231x, 232x) 23AF-238C_|-reserved- fe eee ee 
Vo PCI Bus Master Registers Default | Acc VYOPort |AGP Command Buffer Regs 
23B3-23B0 {Command Buffer Start Addr — RW 
23B7-23B4 |Command Buffer End Addr — RW 


23FF-23B8 _ |-reserved- = _ 


System Side Start Address 
Master Height 

aster Width 

B Start Address & Pitch 
ystem Side Pitch 
-reserved- 

Clear Data 


Port 
-2204 
-2300 


nhy< 
7 
2! |2/2|2/2|2|2) 
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Capture Registers (2200) 


Extended Registers — Non-Indexed I/O Ports 


I/O Port _|Canpture Registers Default_|Acc 
2203-2200 {Capture Command — 


DVD Registers (2280-22FF) 


I/O Port _|DVD Registers Default_|Acc 


2281 MC Control 


2280 


2283 -reserved- — 


228B-2288 |MC Y-Reference Address 


228F-228C |MC U-Reference Address 


2293-2290 |MC V-Reference Address 


22A2 MC V Macroblock Count 
22A3 
22A5-22A4_ |MC Frame Buffer Y-Length 


22A7-22A6 


-reserved- 


221 


22AB-22A8 |Color Palette Entries 


22AF-22AC |-reserved- 


22B3-22B0O |SP BUFO Pixel Start Address 
22B7-22B4 |SP BUFI Pixel Start Address 


22BB-22B8 |SP BUFO Cmd Start Address — 
22BF-22BC |SP BUFI Cmd Start Address — 


22C1-22C0_|SP Y Display Offset 


2)2(2]2 (2)! (2! ]24) 21! [2)2/2)212)2 2]2)211 |2/2)- 6 


22CF-22C2 


22D0 Digital TV Encoder Control — RW 
22D3-22D1_ |Digital TV Encoder CFC —_— RW 
22FF-22D4 _|-reserved- — — 
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V/O Port _|Extended Non-Indexed Regs| Default |Acc 


Alt Destination Segment Addr | 00 {RWI 


| 3D9 «Alt Source Segment Address | — [RWI 
| 3xB__ Alt Clock Select | — [RWI 


Note: 3xB notation indicates that these registers are accessible 
at either 3BB or 3DB depending on the setting of the color / 
mono bit. 
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WA eeinclogies: inc. VT8601A Apollo PLE133 
Standard VGA Registers Standard VGA Registers — Graphics Controller (GR) 


Index | VGA Registers Default 


Port | Index |Graphics Controller Regs 


Default |Acc 


3B4/5 | 0-18 {CRT Controller (Mono Mode) — 


Index 


Input Status 1 (Mono Mode) | R | 


Set / Reset 


3CO0/1 | 0-14 |Attribute Controller — 
3C2 Input Status 0 
3C2 Miscellaneous Output (Write) 
3 Video Subsystem Enable 


Enable Set / Reset 


Color Compare 


Read Map Select 


Graphics Mode 


C3 
3C4/5 | 0-4 


Miscellaneous 


Color Don’t Care 


3C8 
3C9 


RAMDAC Palette Data 


Bit Mask 


Miscellaneous Output (Read) 
3CE/F | 0-8 |Graphics Controller 
Input Status 1 (Color Mode) — 


| 3cs | — | RAMDAC Index Readback = 


Horizontal Display Ena End 


46E8 | — _ |Display Adapter Enable — 


Horizontal Blanking Start 


Note: CRTC registers are accessible at either 3B4 / 3B5 or 


Horizontal Blanking End 


3D4 / 3D5 (shorthand notation 3x4 / 3x5) depending on the 


Horizontal Retrace Start 


setting of the color / mono bit. 


Horizontal Retrace End 


Vertical Total 


Standard VGA Registers — Attribute Controller (AR) 


Port | Index |Attribute Controller Regs Default |Acc 


3C0/1 | O-F |Color Palette 


Attribute Mode Control 
Overscan Color 

Color Plane Enable 
Horizontal Pixel Panning 


Overflow 


BBE 


Be 


R 


2 


R 
R 
R 
R 
R 


Color Select 


2[2 22/2 


Vertical Retrace End 


Vertical Display Enable End 


2 


CRTC Mode Control 


Z| 


R 
R 
R 
R 


R 
R 


Z|2|2|2| 


00 
| 00 
| 00 
| 00 
| 00 
| 00 
| 00 
Cursor Location High 00 R 
Cursor Location Low R 
Vertical Retrace Start 00 R 
00. | 
| 00 
| 00 
| 00 
| 00 
| 00 
00 


R 


= 


Line Compare 


Note: CRTC registers are accessible at either 3B4 / 3B5 or 


3D4 / 3D5 (shorthand notation 3x4 / 3x5) depending on the 
setting of the color / mono bit. 


Clocking Mode 
Map Mask 
Character Map Select 
3C5 4 |Memory Mode — RW 
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Extended Registers - VGA Sequencer Indexed 


Port | Index |Extended Sequencer Regs Default |Acc Port | Index |New Video Display Regs Default |Acc 


Old-New Status 3C5 a UEB Start Address 
Graphics Controller Version 3C5__| 85-83 |W1 V FB Start Address 
-reserved- 3C5_| 88-86 [W2 FB Start Address | = — __—[RW| 
Version/Old-New Mode Ctrl 3C5_| 8A-89 |W2H Scaling Factor | = — __—[RWI 
Configuration Port | B7 3C5_| 8C-8B |W2V Scaling Factor |_—=— —__[RW| 
3C5_| 90-8D [W2 Live Video Start | = — [RWI 
3C5_| 94-91 [W2 Live VideoEnd | = —_—|RW| 
3C5_|_95__[W2 Live Vid Line Buf Level] _—__|RW| 
3C5_| 96 |New Live Video WinCtrl0 | 00 [RW] 
3C5_| 97 |New Live Video WinCtrll | 00 |RW| 
3C5_| 98 |New Live Video WinCtrl2 | 00 |RW| 
3C5_| 99 |New Live Video Win Ctrl3 | 00 [RW| 
3C5_ | 9D-9C [Vid Row Byte Offset(W2-Y) RW 
3C5 | 9E [Line BufReq Threshold [| 00 [RW] 
3C5 | 9F [VBIContol —————Ss| = —=S*RWI 
3C5_[A3-A0 [VBI Frame Buffer Address [| — _[RW| 
3C5 1A _|VCLK2 Frequency Control 0 00 3C5 | A7-A4|VBI Capture Stat = [| — [RW 
3C5 1B |VCLK2 Frequency Control | 00 3C5_|AB-A8|VBI Capture End RW 
3C5 -reserved- —_— 3C5_| AD-AC|VBI V Interrupt Position RW 
3C5_ | AF-AE |Capture Row Byte Offset RW 
3C5_| BI-BO [Window 1 HSB Control RW 
3C5_|B3-B2 [Window 2HSB Control | — __[RW| 
24 _ [Power Management Ctrl OE 3C5_| B6-B4 |2"' Display Addr Select___|_@—_|RW| 
25 __|Monitor Sense 3C5_| B7 |Video Sharpness | = — [RWI 
-reserved- 3C5_|BA-B8 |2"' Capture Addr Select | _§—_|RW| 
Video Key Mode 3C5_| BB |reserved@ | SO | = | 
3C5 38 [Feature Connector Control 00 3C5 | BC |ContrastControl = [| — [RW 
3C5_| BD [Dual View MUX Control | — [RW] 
3C5 BE __|Miscellaneous Control Bits 00 
3C5_|BF-CD |-reserved- 
layback Color Key Mask 3C5 | CE [Window 2 Live Video Ctrl 
layback Vid Key Mode Fun 3C5 CF _ |-reserved- 
3C5_|D1-D0 [Row Byte Offset (W2-UV) 
Scratch Pad 0-5 3C5_| D4-D2 |W2 U-Frame Start Address 
3C5_| 62-60 |2"* Playback Color Key Data 3C5 
3C5 63 ___|-reserved- = 3C5 
ae Gata SIE 
ae Diao 
3C5_ | DF-DE|W1 V Count Status 
Port | Index |Reserved Registers Default |Acc 


3C5 | EO-FF |-reserved- — RW 
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Extended Registers - VGA Graphics Controller Indexed 


x |Extd Graphics Ctrir Regs Default |Acc 
Old / New Src Segment Addr 
Misc Extended Function Ctrl 


freserved- | CI 
0 |Standby Timer Control 
0 


co) 
~ 

ps 

ms 

S 
So 
S 
S 
oa 
2 


28-27 |GPIO Control 0000 


-reserved- — 
5A-5F|Scratch Pad 0-5 
-reserved- 


21 (2)! 2/1 (2) )2/2/2)2)2 
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Extended Registers - VGA CRT Controller Indexed 


Port | Index |Extended CRTC Registers Default |Acc Port | Index |Extended CRTC Registers 


0-BE 
3x5 1A_|[Arbitration Control 1 00 83 Vert Scaling Factor (W1) 
D-8A 
F-8E |Video Display Engine Flag 
91-90 [Row Bvte Offset (W1. W1-Y) 
Vid Win Line Buffer Thresh 
96 Line Buf Lev Ctl (W1-Y. WI) 
Video Display Engine Flag 
RAMDAC RW Timing 9A-98 |Capture Video Start Address 
-reserved- Video Display Status 
9C 
A9-A8 
AB-_|Capture Horizontal End 
Capture Vert Svnc Pulse 
Capture Horiz Sync Pulse 
AE _|Capture CRTC Control 
A Capture CRTC Control 
B1-BO/Capture Horiz Minifv Factor 


E 


CO 100 
NIO 


85-84 


ie) 
\o 
lee) 
ion 


ZEIE| ZI 22] 


\o 
~ 


RW 

= 

8 

e130 

94-92 [Vid Start Addr (W1-Y or W1) 
[RO | 95 

= 

[RO | 

RW 

RW 


\o 
tH 


> 
o 


=P é 
ro 
Ty ve) 


A 
A 


i) 


2D _|GE Timing Control 00 Z 
B3-B2|Capture Vert Minify Factor 
B5-B4|DST Pixel Width Count 


3x5 3B |Clock and Tuning OQn000001b 

3x5 3C__|Misc Control 00 R B7-B6|DST Pixel Height Count 

3x5_|3D-3F |-reserved- — B8 [Capture FIFO Control 1 
BB- 


Nn 


> |> 
~— 
> 
aR 


5 


| BS _| 

| B9 [Capture FIFO Control2 | 
| BD- [Chromakey Comp DataO Hi | — [RW 
| BE [CaptureControl | CO [RW 
| BF [DisplayEngineFlag4 | So — __—s[RW| 
ICO-CF|-reserved- = ss (isd CO 
a5 [51 D3-DO|VGA / Digital TV Syne Cul | _— [RW] 
[D4-FFlreserved- sSst*~=<“Cs*si‘iS*SéCSC<iC +d 

l-reserved- | 


ws) 
g, 
cS 
=| 
— 
> 


BER EE EEEEEEEEEEEEEEEEE 


Default |Acc 


| 00 {Horizontal Total | — {RWI 
SE _|Capture / ZV Port Control x0000000b Horizontal Blanking End 
SF _|Test Control 00 Hoprizontal Retrace Start 
05 


| — | 

| — | 
-reserved- — Horizontal Retrace End RW. 
62 _|Enhancement 0 04 Vertical Total RW 
Enhancement 1 00 Overflow RW 
64 |DPA Extra — Vertical Retrace Start RW. 
-reserved- = Vertical Retrace End RW 
Vertical Blanking End RW 
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3D Graphics Engine Registers 
These registers are addressed at offsets from the Graphics 
Engine Base Address (GEbase). All registers are 32-bit. 


Offset |Span Engine Registers Default 


Parameter Source | 


VT8601A Apollo PLE133 


Offset |Texture Engine Registers Default 


A3-A0|Texture Control 


Parameter Source 2 


A7-A4 |Texture Color 


Parameter Destination 1 


AB-A8|Palette Data 


Parameter Destination 2 


AF-AC|Texture Boundary 


VGA Core Registers 


Offset 


Right View Display Base Addresses 
Left View Display Base Addresses 


Block Write Start Address 
Block Write Area / End Address 


B3-B0O |-reserved- 
B7-B4 |-reserved- 
Offset |Memory Interface Registers 
BB-B8 |Destination Detar oe ea & Buffer 7 


GE Status 


BF-BC |Destination Stride & Buffer 1 


GE Control 


C3-CO |Destination Stride & Buffer 2 


GE Debug 


C7-C4 |Destination Stride & Buffer 3 


Wait Mask 


CB-C8 |Source Stride & Buffer 0 


Offset |Rasterization & Setup Engine Regs 


CF-CC |Source Stride & Buffer 1 


Primitive Attribute 


Drawing Command 


Ac 


D3-D0 |Source Stride & Buffer 2 


D7-D4|s Source Side & Buffers | — ew 
DB-D8|Z Depth & Buffer |] SOC [RW 
DF-DC[Texture Base Level (1:1 Map) | = —_—[RW| 
E3-E0 [Texture BaseLevell S| SO OL RWI 


Raster Operation (ROP) 


Z-Function 


Texture Function 


Color Key 

Pattern and Style 

Pattern Color 

Pattern Foreground Color 
Pattern Background Color 
Alpha 


93-90 |-reserved- 
97-94 |-reserved- — 
9B-98 |-reserved- — 
9F-9C |-reserved- — 


AAREOUOAOHOAUGHOGHELAOGU 
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E7-E4 |Texture Base Level 2 | — [RWI 
EB-E8 {Texture Base Level 3 | — {RWI 
F3-FO |Texture Base Level 5 
F7-F4 |Texture Base Level 6 
FF-FC |Texture Base Level 8 (mallest) a a 
Offset |Data Port Area Default 


EF-EC |Texture Base Level 4 Ay 
FB-F8 |Texture Base Level 7 
LXXXxx 


Register Summary Tables 


Miscellaneous I/O 
One I/O port is defined in the PLE133: Port 22. 


Port 22 — PCI /AGP Arbiter Disable ................ssssssssseeees RW 
Ted: RESOrved)  kdiadeesscseeevsneseassteisstiessentis always reads 0 
1 AGP Arbiter Disable 
0 Respond to GREQ# signal... default 
1 Do not respond to GREQ# signal 
0 PCI Arbiter Disable 
0 Respond to all REQ# signals «0.0.0.0... default 
1 Do not respond to any REQ# signals, 
including PREQ# 


This port can be enabled for read/write access by setting bit-7 
of Device 0 Configuration Register 78. 
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Configuration Space I/O 


All registers in the PLE133 (listed above) are addressed via 
the following configuration mechanism: 


Mechanism #1 
These ports respond only to double-word accesses. Byte or 
word accesses will be passed on unchanged. 
Port CFB-CF8 - Configuration Address..............0-200000000 RW 
31 Configuration Space Enable 
Q Disabled skins eet ak default 
1 Convert configuration data port writes to 
configuration cycles on the PCI bus 
30-24 Reserved occ eeeeeeeeeseeeees always reads 0 
23-16 PCI Bus Number 
Used to choose a specific PCI bus in the system 
15-11 Device Number 
Used to choose a specific device in the system 
(devices 0 and | are defined) 
10-8 Function Number 
Used to choose a specific function if the selected 
device supports multiple functions (only function 0 is 
defined). 
7-2 Register Number (also called the "Offset" 
Used to select a specific DWORD in_ the 
configuration space 
MO: Fixed 0 wctsscsesetincineiciveccincn always reads 0 
Port CFF-CFC - Configuration Data..............s0seeceesree RW 


Refer to PCI Bus Specification Version 2.2 for further details 
on operation of the above configuration registers. 


Register Summary Tables 


Register Descriptions 


Device 0 Bus 0 Header Registers - Host Bridge 


All registers are located in PCI configuration space. They 
should be programmed using PCI configuration mechanism 1 
through CF8 / CFC with bus number, function number, and 
device number equal to zero. 


Device 0 Offset 1-0 - Vendor ID 
15-0 ID Code (reads 1106h to identify VIA Technologies) 


Device 0 Offset 3-2 - Device ID................ssccsssccssssressscceees 
15-0 ID Code (reads 0601h to identify the VT8601A) 


Device 0 Offset 5-4 - Command 
15-10 Reserved 


9 Fast Back-to-Back Cycle Enable..........0..00...... RO 

0 Fast back-to-back transactions only allowed to 
the Same AGeNt...... ee eeeeeeeeteceneeeteeeneees default 
1 Fast back-to-back transactions allowed to 
different agents 

8 SERR# Enable... eee eseeeeeeteeeeeeeeeees RO 
0 SERR# driver disabled... default 
1 SERR# driver enabled 

(SERR# is used to report parity errors if bit-6 is set). 

7 Address / Data Stepping... eeeeeeeeeeee RO 
0 Device never does stepping ............00.. default 
1 Device always does stepping 

6 Parity Error Response..........0......ccecceeseeeeeeteeeee RW 
0 Ignore parity errors & continue ............. default 
1 Take normal action on detected parity errors 

5 VGA Palette Snoop ......... cece eeeceneeeneeeeeeeneeeeees RO 
0 Treat palette accesses normally ............. default 
1 Don’t respond to palette accesses on PCI bus 

4 Memory Write and Invalidate Command.......... RO 
0 Bus masters must use Mem Write ......... default 
1 Bus masters may generate Mem Write & Inval 

3. Special Cycle Monitoring .........00... ee eeeeeeeeee RO 
0 Does not monitor special cycles ............ default 
1 Monitors special cycles 

2. (Bus Master o..cicc. bcc etetiinnietcgain ial RO 
0 Never behaves as a bus master 
1 Can behave as a bus master... default 

TL Memory Space... eeececceeseeseeseeeeeeeeeeeeeeeeaeees RO 
0 Does not respond to memory space 
1 Responds to memory space..............e default 

O VOSpace:  sicitatetodiswasidisiies issue RO 
0 Does not respond to I/O space .............. default 
1 Responds to I/O space 
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Device 0 Offset 7-6 - Status ..........ccsscssrcrsecsscssesssesseees RWC 
15 Detected Parity Error 
0 No parity error detected ow. ee default 
1 Error detected in either address or data phase. 
This bit is set even if error response is disabled 
(command register bit-6). ...... write one to clear 
14 Signaled System Error (SERR# Asserted) 
scevinegunsabonvyetusubendeedecedyaeyeds always reads 0 
13. Signaled Master Abort 
O No abort received... eee eeeeeeeeteeeneeeaees default 
1 Transaction aborted by the master ............... 
svebunecuanpoaebatwachesoueys testes write one to clear 
12 Received Target Abort 
O No abort received... eee eeeeeeeeeeeeeeeteeees default 
1 Transaction aborted by the target... ee 
sadathovsavayaetustvadinseneesseavayec write | to clear 
11 Signaled Target Abort........0.0000000. always reads 0 
0 Target Abort never signaled 
10-9 DEVSEL# Timing 
OO Fast 
OL Medium... eee always reads 01 
10 Slow 
11 Reserved 
8 Data Parity Error Detected 
0 No data parity error detected «0.00... default 
1 Error detected in data phase. Set only if error 
response enabled via command bit-6 = 1 and 
VT8601A was initiator of the operation in 
which the error occurred........ write one to clear 
7 Fast Back-to-Back Capable............... always reads 1 
6G: ReS@rved. siechessesecsciesdeoessccisteevecnnss always reads 0 
5 66MHz Capable ....... ee always reads 0 
4 Supports New Capability list............. always reads 1| 
3-0) Reserved oie eeeeeeeeeeeeeees always reads 0 
Device 0 Offset 8 - Revision ID ...............-sccesssrsrsssesseeers RO 
7-0 VT8601A Chip Revision Code 
Device 0 Offset 9 - Programming Interface RO 


Device 0 Offset B - Base Class Cod e............rssrersssssseeees RO 
7-0 Base Class Code ..reads 06 to indicate Bridge Device 


Device 0 Offset D - Latency Timer 


Specifies the latency timer value in PCI bus clocks. 


7-3 Guaranteed Time Slice for CPU default=0 

2-0 Reserved (fixed granularity of 8 clks)...always read 0 
Bits 2-1 are writeable but read 0 for PCI specification 
compatibility. The programmed value may be read 
back in Offset 75 bits 5-4 (PCI Arbitration 1). 


Device 0 Bus 0 Header Registers - Host Bridge 


Device 0 Offset E - Header Type0...............cccscssssscssssseseeees RO 


7-0 Header Type Code............ reads 00: single function 


Device 0 Offset F - Built In Self Test (BIST) ................06. RO 


7 BIST Supported ...... reads 0: no supported functions 
6-0 Reserved oo. eeeeeeee always reads 0 


Device 0 Offset 13-10 - Graphics Aperture Base............. RW 


31-28 Upper Programmable Base Address Bits....... def=0 

27-20 Lower Programmable Base Address Bits....... def=0 
These bits behave as if hardwired to O if the 
corresponding Graphics Aperture Size register bit 
(Device | Offset 84h) is 0. 


27 26 25 24 23 22 21 20 = (This Register) 

7 6 5 4 3 2 1 OQ (GrAper Size) 
RW RWRW RWRWRWRWRW_ 1M 
RWRWRWRWRWRWRW 0 2M 


RWRWRWRWRWRW 0 O00 4M 
RWRWRWRWRW 0 0 0 8M 
RWRWRWRW 0 0 0 0 16M 
RWRWRW 0 0 0 0 0 32M 
RWRW 0 0 0 0 0 0 64M 
RW 0 0 0 0 0 0 0 128M 
0 0 0 0 0 0 0 0 256M 
19-0 Reserved oo... always reads 00008 
Note: The locations in the address range defined by this 
register are prefetchable. 
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Contains an offset from the start of configuration space. 


31-0 AGP Capability List Pointer ........ always reads AOh 


Device 0 Bus 0 Header Registers - Host Bridge 


Technologies, Inc. 


WK 


Ddivering Value 


Device 0 Bus 0 Host Bridge Registers 


CPU Interface Control 


Device 0 Offset 50 — Request Phase Control (02h).......... RW 


CPU Hardwired IOQ (In Order Queue) Size 
Default per the strap on pin MA11 during reset. This 
register bit can be written to | to restrict the chip to 
one level of IOQ. 


O 4-Level ...... default if no external strap resistor 
1 1-Level 
Read-Around- Write 
QO. Disable icssctccsseseseecesiidestedavececeseideaevenens default 
1 Enable 
REServed?  vccssiseetivastecesecsiciviecsstey devs always reads 0 
Defer Retry When HLOCK Active 
O).  IDISADI Gs sccscesdve Ais cae vsesseeslad cesmnsetdeeeeiiney default 
1 Enable 
Note: always set this bit to 1 
RRESERVEG, ssdvtessessessvcevescssstvensaseasences always reads 0 
Fast Speculative Read 
0 Disable 
Wh, SEMA DIG seed cdi eke nee dectek obec ceaeneecdaceesees default 


CPU / PCI Master Read DRAM Timing 
0 Start DRAM read after snoop complete ...... def 
1 Start DRAM read before snoop complete 
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Device 0 Offset 51 — Response Phase Control (02h) ....... RW 


CPU Read DRAM OWS for Back-to-Back Read 
Transactions 
O: (Disable iiies sctessviites acinaeesaties aessetegeastons default 
1 Enable 
Setting this bit enables maximum read performance 
by allowing continuous 0-wait-state reads for 
pipelined line reads. If this bit is not set, there will be 
at least 1T idle time between read transactions. 
CPU Write DRAM OWS for Back-to-Back Write 
Transactions 
QO Disable sie sccecsisess edi naresiies eatictas ies default 
1 Enable 
Setting this bit enables maximum write performance 
by allowing continuous O-wait-state writes for 
pipelined line writes ands sustained 3T single writes. 
If this bit is not set, there will be at least 1T idle time 
between write transactions. 


DRAM Read Request Rate 
Om SSN etaeed tees eee altace dare cove eee eae se default 
1 2T 

Fast Response (HIT/HITM Sampled 1T Earlier) 
Oo DiSable isesses sicceiccsciasvessscssedeaossvescsedeeseovased default 
1 Enable 

Non-Posted IOW 
OQ! DISAB sicsccsscesedcascinssesbscesedenscevescssneseedeased default 
1 Enable 

CPU Read DRAM Prefetch Buffer Depth 
0 1-level prefetch buffer... ee default 


1 4-level prefetch buffer 
CPU-to-DRAM Post-Write Buffer Depth 
0 1-level post-write buffer 
1 4-level post-write buffer 0... eee default 
Concurrent PCI Master / Host Operation 
0 Disable — the CPU bus will be occupied (BPRI 
asserted) during the entire PCI operation.....def 
1 Enable — the CPU bus is only requested before 
ADS# assertion 


7 


GTL I/O Buffer Pullup 
0 Disable 


1 Enable 
The default value of this bit is determined by a strap 
on the MA13 pin during reset. 

RAW Write Retire After 2 Writes 

0 Disable 

1 Enable 
Reserved 
Snoop Stall Count 

00 Disable dynamic defer 
01-1F Snoop stall count 


4-0 
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Device 0 Offset 53 — Miscellaneous (OOh)............eee0e RW 
7 HREQ Function 
Oy Disables cissiscisss csc coskeaveceissdecientsaliceateeieeds default 
1 Enable 
6 DRAM Frequency Higher Than CPU FSB 
Q Disablesices.2 cass scsscdbcscei des aesdicnssacteeabseieeds default 
1 Enable 
Setting this bit enables the DRAM subsystem to run at 
a higher frequency than the CPU FSB frequency. 
When setting this bit, register bit Rx69[6] must also be 
set and only SDRAM memory type DIMM modules 
may be installed. An EDO / SDRAM mix in the 
DRAM subsystem is not supported in this case. 
5 AGP/PCI-to-CPU Master / CPU-to-PCI Slave 
Concurrency 
QO Disabletcg, sicccsccnccsiasin dsceaen ie default 
1 Enable 
4 HPRI Function 
0. Disabletcessciuncsciisnee cacti default 
1 Enable 
3. P6Lock Function 
QO: Disabletce siiiseitsccevessteesie tedserieeraen. dee default 
1 Enable 
2 Pé6Lock 
Q:. DISAB G2 gsceccecsicsdves cesreentesctensertvanteedceees default 
1 Enable 


1-0 Reserved 


always reads 0 


Device 0 Bus 0 Host Bridge Registers 
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Device 0 Offset 55-54 - Non-Cacheable Region #1.......... RW Device 0 Offset 57-56 - Non-Cacheable Region #2.......... RW 


15-3 Base Address - A<28:16>..........:::ccccceeeees default=0 15-3 Base Address MSBs - A<28:16>................ default=0 
As noted below, the base address must be a multiple As noted below, the base address must be a multiple 
of the region size. of the region size. 

2-0 Range (Region Size) 2-0 Range (Region Size) 

000. Disable: ic sc0.cstssnckesetnissieteeccees default OOO Disable ......... ccc ceecceeesceesseeeeseeeesteeeesneees default 
001 64K 001 64K 

010 128K (Base Address A16 must be 0) 010 128K (Base Address A16 must be 0) 

011 256K (Base Address A16-17 must be 0) 011 256K (Base Address A16-17 must be 0) 

100 512K (Base Address A16-18 must be 0) 100 512K (Base Address A16-18 must be 0) 

101 1M (Base Address A16-19 must be 0) 101 1M (Base Address A16-19 must be 0) 

110 2M (Base Address A16-20 must be 0) 110 2M (Base Address A16-20 must be 0) 

111 4M (Base Address A16-21 must be 0) 111 4M (Base Address A16-21 must be 0) 
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DRAM Control 


These registers are normally set at system initialization time 
and not accessed after that during normal system operation. 
Some of these registers, however, may need to be programmed 
using specific sequences during power-up initialization to 
properly detect the type and size of installed memory (refer to 
the VIA Technologies VT8601A BIOS porting guide for 
details). 


Table 3. System Memory Map 


Space Start Size Address Range Comment 
DOS 0 640K 00000000-0009FFFF Cacheable 
VGA 640K 128K 000A0000-OOOBFFFF Used for SMM 
BIOS 768K 16K 000C0000-000C3FFF Shadow Ctrl 1 
BIOS 784K 16K 000C4000-000C7FFF Shadow Ctrl 1 
BIOS 800K 16K 000C8000-O000CBFFF Shadow Ctrl 1 
BIOS 816K 16K Q00CC000-O00CFFFF Shadow Ctrl 1 
BIOS 832K 16K O000D0000-000D3FFF Shadow Ctrl 2 
BIOS 848K 16K 000D4000-000D7FFF Shadow Ctrl 2 
BIOS 864K 16K 000D8000-O0O0DBFFF Shadow Ctrl 2 
BIOS 880K 16K 000DC000-000DFFFF Shadow Ctrl 2 
BIOS 896K 64K OQ0E0000-O00EFFFF Shadow Ctrl 3 
BIOS 960K 64K OOOFO000-OOOFFFFF Shadow Ctrl 3 
Sys IMB  — _ 00100000-DRAM Top Can have hole 
Bus DTop DRAM Top-FFFEFFFF 


Init 4G-64K 64K FRFFEFFFF-FFFFFFFF OOOFxxxx alias 


Device 0 Offset 59-58 - DRAM MA Map Type............... RW 
15-13 Bank 5/4 MA Map Type 
Oxx 16Mb SDRAM... eeeeccccccccceceeeeeeseeeee default 


100 64/128Mb SDRAM (x4, x8, x16, 4-bank x32) 
101 Reserved (Do Not Program) 
110 Reserved (Do Not Program) 
111 Reserved (Do Not Program) 
12 Reserved (Do Not Program) ...................... default=0 
11-8 Reserved oi. eeeeeeeeeees always reads 0 


7-5 Bank 1/0 MA Map Type (see above) 
4 Reserved (Do Not Program) ...................... default=0 


3-1. Bank 3/2 MA Map Type (see above) 
0 Reserved (Do Not Program) ...................... default=0 
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Device 0 Offset SA-5F - DRAM Row Ending Address: 
All of the registers in this group default to 01h: 


Offset 5A — Bank 0 Endin 
Offset 5B — Bank 1 Endin 
Offset SC — Bank 2 Endin 
Offset 5D — Bank 3 Endin 
Offset SE — Bank 4 Endin 
Offset SF —- Bank 5 Endin 


Note: BIOS is required to fill the ending address registers 
for all banks even if no memory is populated. The 
endings have to be in incremental order. 


Device 0 Offset 60 — DRAM Typie...........cccccssssssssssssesssseees RW 


7-6 Reserved 
5-4 DRAM Type for Bank 5/4 
OO Reserved....cccccccccccccesssssssssssceseeeeesenenees default 
Ol Reserved 
10 Reserved 


11 SDRAM 
3-2) DRAM Type for Bank 3/2.........0.. ee default=0 
1-0 DRAM Type for Bank 1/0... default=0 


Table 4. Memory Address Mapping Table 
PMA 13/12/1110} 9] 8 7]6]5]4/3{2}1fo}| | 


16Mb (Oxx) 22|21)20/19) 18] 17} 16) 15] 14] 13] 12] Row Bits 
11}PC}24}23]10} 9 | 8 | 7] 6] 5 | 4 | 3 [Col Bits 


64Mb (100) |24] 13} 12}22]21)20/ 19) 18) 17} 16) 15] 14) 11]23)x4: 10 col 


2/4 bank 25)10/9|8]7)6)5]41]3 |x8:9col 


x4, x8, x16; x16: 8 col 
4-bank x32 x32: 8 col 


"PC" = "Precharge Control" (refer to SDRAM specifications) 
16Mb_ 11x10, 11x9, and 11x8 configurations supported 


64Mb x4: 12x10 4bank, 13x10 2bank 
x8: 12x94bank, 13x9 2bank 
x16: 12x8 4bank, 13x8 2bank 


x32: 11x8 4bank 
128Mb same as 64Mb 


Device 0 Bus 0 Host Bridge Registers 


Device 0 Offset 61 - Shadow RAM Control 1.................. RW 
7-6 CC000h-CFFFFh 
OO Read/write disable........... ccc ceceeeeeeeee default 


01 Write enable 
10 Read enable 
11 Read/write enable 
5-4 C8000h-CBFFFh 
OO Read/write disable............ccccceceeseeeeeee default 
01 Write enable 
10 Read enable 
11 Read/write enable 
3-2 C4000h-C7FFFh 
00 Read/write disable............cccceeeeseeeeeee default 
01 Write enable 
10 Read enable 
11 Read/write enable 
1-0 C0000h-C3FFFh 
OO Read/write disable...........ccccceceeseeeeeee default 
01 Write enable 
10 Read enable 
11 Read/write enable 


Device 0 Offset 62 - Shadow RAM Control 2.................. RW 
7-6 DC000h-DFFFFh 
OO Read/write disable........... cc cceeceeeeeeeee default 


01 Write enable 
10 Read enable 
11 Read/write enable 
5-4 D8000h-DBFFFh 
OO Read/write disable.............cccccccceeseeeeeee default 
01 Write enable 
10 Read enable 
11 Read/write enable 
3-2. D4000h-D7FFFh 
OO Read/write disable............cccccceeseeeeeee default 
01 Write enable 
10 Read enable 
11 Read/write enable 
1-0 D0000h-D3FFFh 
OO Read/write disable.............ccccccceeseeeeees default 
01 Write enable 
10 Read enable 
11 Read/write enable 
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Device 0 Offset 63 - Shadow RAM Control 3..............06+ RW 
7-6 E0000h-EFFFFh 

OO Read/write disable ............cccccccceeeeeeeeees default 


O01 Write enable 
10 Read enable 
11 Read/write enable 
5-4 F0000h-FFFFFh 
OO Read/write disable ...........ccccccccccceeeeeeeeee default 
Ol Write enable 
10 Read enable 
11 Read/write enable 
3-2 Memory Hole 
OO NONE: siiiitdiencitheienenee kates default 
Ol 512K-640K 
10 15M-16M (1M) 
11 14M-16M (2M) 
1-0 SMI Mapping Control 
00 Disable SMI Address Redirection.......... default 
01 Allow access to DRAM Axxxx-Bxxxx for 
both normal and SMI cycles 
10 Reserved 
11 Allow SMI Axxxx-Bxxxx DRAM access 


Note: The AOQOQO0-BFFFF address range is reserved 
for use by VGA controllers for system access to the 
VGA frame buffer. Since frame buffer accesses are 
normally directed to the system VGA controller (with 
its separate memory subsystem), system DRAM 
locations in the AOO00-BFFFF range would normally 
be unused. Setting the above bits appropriately 
allows this block of system memory to be used by 
directing Axxxx-Bxxxx accesses to corresponding 
memory addresses in system DRAM instead of 
directing those accesses to the PCI bus for VGA 
frame buffer access. 


Device 0 Bus 0 Host Bridge Registers 


Device 0 Offset 64 - DRAM Timing for Banks 0,1.......... RW 


Device 0 Offset 65 - DRAM Timing for Banks 2,3.......... RW 


Device 0 Offset 66 - DRAM Timing for Banks 4.,6.......... RW 


Settings for Registers 64-66 
7 Precharge Command to Active Command Period 


QO Tre=2T 
TL. ERP = BP vaessessaiecetas. Deieaeseeacconneaesoncesseiee default 
6 Active Command to Precharge Command Period 
QO Tras =5T 
1 TRAS = OT ou... ceeececsssteccesssecsessessensecsesse default 
5-4 CAS Latency 
00 1T 
01 2T 
TO: BM. sostkivdetitentttatidssheeedesssiedessstess default 
11 Reserved 
3 Reserved (Do Not Program) .................... default = 0 


2 ACTIVE Command to CMD Command Period 
QO 2T 
1 3T 

Bank Interleave 

No Interleave..........cceeeeeeessseccseeeeeseeeeees 

2-way 

4-way 

Reserved 


Sao Feohe tacts teasvarseentoteasiesecceetyessees default 


1-0 
default 
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Device 0 Offset 68 - DRAM Control.....sssecssssecssseeesseeeeeeee RW 
7 Reserved (Do Not Program) ................... default = 0 
6 Bank Page Control 
0 Allow only pages of the same bank active ...def 
1 Allow pages of different banks to be active 
5 Reserved (Do Not Program) ................... default = 0 
4 Internal Graphics Controller Frequency 
0 66/100 MHZ... cece eeeeeeees default 
1 133 MHz 
This bit must be set to 1 if the DRAM frequency is 
133 MHz. If the DRAM frequency is set to 100 or 66 
MHz this bit it ignored. (see also table under 
Rx69[7-6]). 
3 Reserved (Do Not Program) .................... default = 0 
2 Burst Refresh 
OQ: “Disables siccssciesicids castesvesivs destscereeatebertviess! default 
1 Enable (burst 4 times) 
1-0 System Frequency Divider.............0.. eee RO 
00 CPU/PCI Frequency Ratio=2x (66 MHz) 
01 CPU/PCI Frequency Ratio=3x (100 MHz) 
10 -reserved- 
11 CPU/PCI Frequency Ratio=4x (133 MHz) 


These bits are latched from MA[14, 12] at the rising 
edge of RESET#. Without external strapping 
resistors, the default setting of these bits is 00 (66 
MHz). 


Device 0 Bus 0 Host Bridge Registers 


Device 0 Offset 69 - DRAM Clock Select (00h 


7-6 DRAM Operating Frequency Select 
Rx68[1-0] Rx69[7-6] Rx68[4] CPU/DRAM/VGA 


00 00 Xx 66/66/66 (default) 
00 01 Xx 66/100/100 

Ol 00 Xx 100/100/100 

01 10 Xx 100/66/66 

01 01 1 100/133/133 

10 00 1 133/133/133 

10 10 Xx 133/100/100 


All other combinations are reserved. The internal 
graphics controller runs synchronous to the DRAM 
and at the same frequency (if the DRAM controller 
frequency is set to 133, Rx68[4] must also be set to 


1). 
5 256M bit DRAM Support 
QO. DiSabl @e.ic5.c3:5c.coiesediaseedsd csttendeesseerencies default 
1 Enable (DCLKRD becomes output) 
4 DRAM Controller Command Register Output 
QO “Disabl@:.iss sticcveiiecidissstinceestivennesieeecccsiies default 
1 Enable 
3. Fast DRAM Precharge for Different Bank 
QO: DiSabl: ses sscesecsessscsciassvstaes sae caseaessvatacdedees default 
1 Enable 
2 DRAM 4K Pages (for 64Mbit DRAM) 
O Disable ......c cece ecccssscccessseceeeessseeeeeees default 
1 Enable 
1 Reserved (Do Not Program) .................... default = 0 
O- Reserved:  csccssccsssesevseisccsssseterdeeeszazess always reads 0 
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Device 0 Offset 6A - Refresh Counter 
7-0 Refresh Counter (in units of 16 MCLKs) 
DRAM Refresh Disabled....................000 default 
32 MCLKs 
48 MCLKs 
64 MCLKs 
80 MCLKs 
96 MCLKs 


The programmed value is the desired number of 16- 
MCLK units minus one. 


Device 0 Offset 6B - DRAM Arbitration Control (01h) .RW 
7-6 Arbitration Parking Policy 
00 Park at last bus owner 
Ol Park at CPU side 
10 Park at AGP side 
11 Reserved 
Fast Read to Write Turnaround 
(Oe BY (ct: 10) ( ee default 
1 Enable 
Reserved always reads 0 
MD Bus Second Level Strength Control 
O Normal slew rate control ..................0 default 
1 More slew rate control 
CAS Second Level Strength Control 
O Normal slew rate control ...............ce default 
1 More slew rate control 
Reserved (Do Not Program) 
Multi-Page Open 


ig gus elas cdl cal default 


_ 


default = 0 


0 Disable (page registers marked invalid and no 
page register update which causes non page- 
mode operation) 

Ve EAD ee. tosses es a sess sccacenssedeitestseeeueecctestae) default 


Device 0 Bus 0 Host Bridge Registers 


Device 0 Offset 6C - SDRAM Control 
7-5 Reserved 


4 CKE Configuration 
0 RASA=CSA, RASB = CSB, 
CKEO=CKEO0, CKE1 = CKE1 
1 RASA=CSA, RASB = CSB, 
CKE3-2 = CSA7-6 
CKE5S-4 = CSB7-6 
CKE1 = GCKE (Global CKE) 
CKEO = FENA (FET Enable) 
3. Fast AGP TLB lookup 


0 Disable 
1 Reduce the lookup time from 4T to 2T 
2-0 SDRAM Operation Mode Select 
000 Normal SDRAM Mode 
001 NOP Command Enable 
010 All-Banks-Precharge Command Enable 
(CPU-to-DRAM cycles are converted 
to All-Banks-Precharge commands). 
MSR Enable 
CPU-to-DRAM cycles are converted to 
commands and the commands are driven on 


default 


default 


O11 


MA[13:0]. The BIOS selects an appropriate 
host address for each row of memory such that 
the right commands are generated on 
MA[13:0]. 


100 CBR Cycle Enable (if this code is selected, 
CAS-before-RAS refresh is used; if it is not 
selected, RAS-Only refresh is used) 

Reserved 


Reserved 


101 
11x 


Rx6B[0] | Rx64-66[1-0] | Rx68[7-6] | Remark 
Non-page mode, every access starts 
from precharge-active cmd 


00 Only one page active at a time 
(recommended setting) 
1 01 or 10 0, 
1 


0 00 00 
1 00 

0 Only allow sub-bank of a SDRAM 
bank active at a time, # of subbank 
depends on Rx64-66<1:0> 

Allow mutliple sub-banks across 
different SDRAM banks active, but 
if EDO is accessed, all SDRAM 
pages will be closed 

Allow maximum 8 pages of 
SDRAM, EDO opened 


01 or 10 


1 01 or 10 11 
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Device 0 Offset 6D - DRAM Drive Strength 


7 Reserved 
6-5 Delay DRAM Read Latch 
00 Disable 


ssagesudeceeeaeseusegeecasnasiscssesueeseraeeaseeeiens default 


SDRAM Command Drive Strength 

(SRAS#, SCAS#, SWE#) 
O:: VGA coos ceehisices edeelonepeaneeenesiee default 
1 24mA 

MA[2:13] / WE# Drive Strength 
QO) TOMA secsecscti tiie cattelass a civernesnieiesion default 
1 24mA 

CAS# Drive Strength 
O “QimAs secteveet teenie nett cities default 
1 12mA 

RAS# Drive Strength 
Or TGMA seieentenesnenintacnenerieeecie default 


Device 0 Bus 0 Host Bridge Registers 


PCI Bus Control 
These registers are normally programmed once at system 
initialization time. 


Device 0 Offset 70 - PCI Buffer Control... RW. 
7 CPU to PCI Post-Write 
QO: DiSabl@s.c.csectcicdenieasviehs titiseenter staves default 
1 Enable 
6 PCI Master to DRAM Post-Write 
QO: Disabl@s.ccciccectinsestis <ssssdettiseancrsvtoneeeaey default 
1 Enable 


5 ‘Reserved 
4 PCI Master to DRAM Prefetch Disable 


Ol}: EMA DS. vcdsivssvetesecvecdaxsvsevesdcccuicenctesstestigey default 
1 Disable 

3. CPU-to-PCI Buffer Available Cycle Reduction 
O Normal operation ....... eee eeeeeeee default 


1 Reduce | cycle when the CPU-to-PCI buffer 
becomes available after being full (PCI and 


AGP buses) 
2 PCI Master Read Caching 
O Disable .......e ce eeececseeesseceseeeeeseeeesnseeseees default 
1 Enable 
1‘ Delay Transaction 
O Disable .......c ce eeececcceesseeesseeeeeeeeeseeeseees default 
1 Enable 
0 Slave Device Stopped Idle Cycle Reduction 
O Normal Operation ......0... eee eee default 


1 Reduce 1 PCI idle cycle when stopped by a 
slave device (PCI and AGP buses) 
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Device 0 Offset 71 - CPU to PCI Flow Control 1............ RW. 
7 Dynamic Burst 
O! “Disable :tecisvccccittedeii acrid atiecesdicents acd default 
1 Enable (see note under bit-3 below) 
6 Byte Merge 
QO! Disable: tei ccctcisehedehistedei deiesde tensed este? default 
1 Enable 
5 Reserved (do not program)... default = 0 
4 PCTI/O Cycle Post Write 
Oe Disable: tiicciccisesivcideiscatsideieiddeotscestievec’ default 
1 Enable 
3. PCI Burst 
OS BY (St) 0) (eee default 


1 Enable (bit7=1 will override this option) 


bit-7 bit-3 Operation 


0 


0 


2 


1 


0 


0 Every write goes into the write buffer and no 
PCI burst operations occur. 

1 If the write transaction is a burst transaction, 
the information goes into the write buffer and 
burst transfers are later performed on the PCI 
bus. If the transaction is not a burst, PCI write 
occurs immediately (after a write buffer flush). 

x Every write transaction goes to the write 
buffer; burstable transactions will then burst 
on the PCI bus and non-burstable won’t. This 
is the normal setting. 

PCI Fast Back-to-Back Write 


Ov Disable sicccn3cciticiieee ces sin tibectecici aeons default 
1 Enable 

Quick Frame Generation 
QO: Disablesicistcceiccicssttceneatac tian default 
1 Enable 

1 Wait State PCI Cycles 
QO Disable sviss.cissstkkickis eis default 
1 Enable 


Device 0 Bus 0 Host Bridge Registers 


Device 0 Offset 72 - CPU to PCI Flow Control 2......... RWC 
7 Retry Status 
0 Retry occurred less than retry limit........ default 


1 Retry occurred more than x times (where x is 
defined by bits 5-4) ww. write 1 to clear 
6 ~=Retry Timeout Action 
0 Retry Forever (record status only)......... default 
1 Flush buffer for write or return all 1s for read 
Retry Limit 
OO Retry 2 times oo. eee eeeeteereeees 
Ol Retry 16 times 
10 Retry 4 times 
11 Retry 64 times 
3 Clear Failed Data and Continue Retry 
0 Flush the entire post-write buffer........... default 
1 When data is posting and master (or target) 
abort fails, pop the failed data if any, and keep 


5-4 
default 


posting 
2 CPU Backoff on PCI Read Retry Failure 
QO Disable s.vis...c:cccssecdissceerccssvecesseabasecntins default 


1 Backoff CPU when reading data from PCI and 
retry fails 
1 Reduce 1T for FRAME# Generation 


O® Disable: sectecceescesescsssaes scare ceevenreaesieawatedees default 
1 Enable 
0 Reduce 1T for CPU Read of PCI Slave 
QO DiSable: sexe: efvcescceesnidectecescscedvsasassanentedede Default 
1 Enable 
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Device 0 Offset 73 - PCI Master Control 1 ..........+s0+0s00-RW 
DT RRESOF VEO) a iicssssciticichecsseesteteshdesiens always reads 0 
6 PCI Master 1-Wait-State Write 
0 Zero wait state TRDY# response............ default 
1 One wait state TRDY# response 
5 PCI Master 1-Wait-State Read 
0 Zero wait state TRDY# response............ default 
1 One wait state TRDY# response 
4 Disable Prefetch when Doing Delay Transaction 
Q. “Enable teiszceisccss ceessciakeaiseciecesaeeorssanieca saves default 
1 Disable 
3. Assert STOP# after PCI Master Write Timeout 
O: Disable recs sacissccssceriisciiese tas eeesectanseectee sd default 
1 Enable 
2 Assert STOP# after PCI Master Read Timeout 
O: Disable tics sccisiccscccivisciish adeevictnaaanee default 
1 Enable 
1 LOCK# Function 
O° “Disables sci cctietinin cee default 
1 Enable 
0 PCI Master Broken Timer Enable 
QO: Disabletcs, saciissccsccevisscese cigeetea tee default 
1 Enable. Force into arbitration when there is no 
FRAME# 16 PCICLK’s after the grant. Does 
not apply to south bridge PREQ# input 
Device 0 Offset 74 - PCI Master Control 2...............000000 RW 
7 PCI Master Read Prefetch by Enhance Command 
O Always Prefetch oe eeeeeeeee default 
1 Prefetch only if Enhance command 
6 PCI Master Write Merge 
O° Disables: siccsiecieteien adsense default 
1 Enable 
5 Reserved ceesccssecscee ticki nissicies oes always reads 0 
4 Dummy Request Handling............ Should be set to 1 
O: ASVPS vj siien ennai nde default 
1 Complete Fix 
3. PCI Delay Transaction Time-Out 
O° Disabletissiisciccinciisn keen default 
1 Enable 
2  Backoff CPU Immediately on CPU to AGP Retry 
OQ! Disable ists ssoxedsiveavedeisiscaedisvsacanvarceeades default 
1 Enable 
1-0 CPU/PCI Master Latency Timer Control 
00 AGP Master Reloads MLT timer........... default 
Ol Falling edge of AGP Master Request reloads 
MLT timer 
10 Rising Edge of AGP Master Request clears 


MLT timer and falling edge reloads the timer 


11 Reserved (illegal setting) 


Device 0 Bus 0 Host Bridge Registers 


Device 0 Offset 75 - PCI Arbitration 1 .................sssscceees RW. 
7 Arbitration Mechanism 
O PCT has priority... eeeeeeeees default 


1 Fair arbitration between PCI and CPU 
Arbitration Mode 
0 REQ-based (arbitrate at end of REQ#).. default 
1 Frame-based (arbitrate at FRAME# assertion) 
Latency Timer read only, reads Rx0D bits 2:1 
PCI Master Bus Time-Out 
(force into arbitration after a period of time) 
0000 Disable 
0001 1x32 PCLKs 
0010 2x32 PCLKs 
0011 3x32 PCLKs 
0100 4x32 PCLKs 


default 


1111 15x32 PCLKs 
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Device 0 Offset 76 - PCI Arbitration 2.............cccccccssesseees RW 


7  CPU-to-PCI Post-Write Retry Failed 

0 Continue retry attempt 

1 Go to arbitration 
CPU Latency Timer Bit-0 

0 CPU has at least 1 PCLK time slot when CPU 

Was P CE Dus ss: ssescsassietidie hi eee eevee: default 

1 CPU has no time slot 
Master Priority Rotation Control 

00 Disabled (arbitration per Rx75 bit-7) .....default 

01 Grant to CPU after every PCI master grant 

10 Grant to CPU after every 2 PCI master grants 

11 Grant to CPU after every 3 PCI master grants 
With setting 01, the CPU will always be granted 
access after the current bus master completes, no 
matter how many PCI masters are requesting. With 
setting 10, if other PCI masters are requesting during 
the current PCI master grant, the highest priority 
master will get the bus after the current master 
completes, but the CPU will be guaranteed to get the 
bus after that master completes. With setting 11, if 
other PCI masters are requesting, the highest priority 
will get the bus next, then the next highest priority 
will get the bus, then the CPU will get the bus. In 
other words, with the above settings, even if multiple 
PCI masters are continuously requesting the bus, the 
CPU is guaranteed to get access after every master 
grant (01), after every other master grant (10) or after 
every third master grant (11). 
High Priority REQ Select 

OO) CRE OA: ssdceoss. assicssincerstiess eeegotcenstecessere: default 


5-4 


CPU-to-PCI QW High DW Read Access to PCI 
Slave Allow Backoff 
OP Disable ivcscosceiceavendevesteedsavesesnateaeteni aceite default 
1 Enable 
High Priority Request Support 
QO DISable s.ccsecsieceicécceesdescssssesededtecccesdesseveceee default 
1 Enable 


Device 0 Offset 77 - Chi 


7-6 Reserved (no function) 
5-0 Reserved (do not use) 


always reads 0 
default=0 


Device 0 Bus 0 Host Bridge Registers 


Device 0 Offset 78 - PMU Control 1 ...............cccsssssssssseees RW 


7 I/O Port 22 Access 
0 CPU access to I/O address 22h is passed on to 


the: PCI DUS vississestiecisseisieteesi icine default 
1 CPU access to I/O address 22h is processed 
internally 
6 Suspend Refresh Type 
QO CBR Refresh visiccscis eanunccycacvetees default 


1 Self Refresh 
S Reserved. scssiciiineetieseinies always reads 0 
4 Dynamic Clock Control 
0 Normal (clock is always running).......... default 
1 Clock to various internal functional blocks is 
disabled when those blocks are not being used 
3S. Reserved  ncisiciaccinceninnaknn always reads 0 
2 AGPSTP# Control 
O° Disable:.vis.ccciscssssecciascelgccctecntesssclnessttens default 
1 Enable 
1. Reserved  scsiiceei ieee always reads 0 
0 Memory Clock Enable (CKE) Function 
0 CKE Disable (pins used as MECC[2-0))..... def 
1 CKE Enable (pins used for CKE[2-0]#) 


7 CPU _ Interface Controller Dynamic Clock 
Stopping 

O Disable .......c eee ececseeeesecesseeeseeeeesneeeseees default 
1 Enable 

6 DRAM Controller Dynamic Clock Stopping 
O Disable .......c ce eeeececseeesseeeeseeeseeeeeseeeseees default 
1 Enable 

5 AGP Controller Dynamic Clock Stopping 
Qs Disable sssessieccctatccssseeveiess ciaedesesdersieceesseees default 
1 Enable 

4 PCI Interface Controller Dynamic Clock Stopping 
QO (Disable wics.chccdaesnuinaciaines default 
1 Enable 

3. Pseudo Power Good 
O Disable .......e eee ececsceessecesseeeseteeeeseeeeseees default 
1 Enable 

2 South Bridge has High Priority 
QO. ‘Disable ssiesie cca eiceshaencd default 
1 Enable 


1-0) Reserved (owi.eeeeeeseereeees always reads 0 
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Device 0 Offset 7A — Miscellaneous Control ...........+.++0e RW. 
7 No Time-Out Arbitration for Consecutive Frame 
Accesses 
QO? Eriableesicssscssssii cess bssliinss hides as default 
1 Disable 


6-4 Reserved. © .cccissccssueiisetineiences always reads 0 
3. Background PCI-to-PCI Write Cycle Mode 
OS Bin aDle:.iscs2essciecceccesiccsess inane eanearimeeiens default 
1 Disable 
ZV Reserved. ciisissieiiths hiccaeninnncicn always reads 0 
0 South Bridge PCI Master Force Timeout When 
PCI Master Occupancy Timer Is Up 


OF DiSable ses scccsdsccicevsiaiccvssanscetecanteetsneeveies default 

1 Enable 
Device 0 Offset 7E — PLL Test Mode .............cccccccccssssseees RW 
7-6 Reserved (Status) ............0..ccccccescceeseeeseseeessteeeeeees RO 
5-0 Reserved (do not USE) ................::ccccceeeseeeees default=0 
Device 0 Offset 7F — PLL Test Mode .............cccccccssssesseees RW 
7-0 Reserved (do not use) ..............::ceeceeeseeeees default=0 


Device 0 Bus 0 Host Bridge Registers 


GART / Graphics Aperture Control 


The function of the Graphics Address Relocation Table 
(GART) is to translate virtual 32-bit addresses issued by an 
AGP device into 4K-page based physical addresses for system 
memory access. In this translation, the upper 20 bits (A31- 
A12) are remapped, while the lower 12 address bits (A11-A0) 
are used unchanged. 


A one-level fully associative lookup scheme is used to 
implement the address translation. In this scheme, the upper 
20 bits of the virtual address are used to point to an entry in a 
page table located in system memory. Each page table entry 
contains the upper 20 bits of a physical address (a "physical 
page" address). or simplicity, each page table entry is 4 
bytes. The total size of the page table depends on the GART 
range (called the "aperture size") which is programmable in 
the VT8601A. 


This scheme is shown in the figure below. 


31 12 11 0 
Virtual Page Address Page Offset 
TLB Base 
———>| ___ Page Table 
31 12 11 0 


Physical Page Address Page Offset 


Figure 4. Graphics Aperture Address Translation 
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Since address translation using the above scheme requires an 
access to system memory, an on-chip cache (called a 
"Translation Lookaside Buffer" or TLB) is utilized to enhance 
performance. The TLB in the 82C501 contains 16 entries. 
Address "misses" in the TLB require an access of system 
memory to retrieve translation data. Entries in the TLB are 
replaced using an LRU (Least Recently Used) algorithm. 


Addresses are translated only for accesses within the 
"Graphics Aperture" (GA). The Graphics Aperture can be any 
power of two in size from 1MB to 256MB (i.e., IMB, 2MB, 
4MB, 8MB, etc). The base of the Graphics Aperture can be 
anywhere in the system virtual address space on an address 
boundary determined by the aperture size (e.g., if the aperture 
size is 4MB, the base must be on a 4MB address boundary). 
The Graphics Aperture Base is defined in register offset 10 of 
device 0. The Graphics Aperture Size and TLB Table Base 
are defined in the following register group (offsets 84 and 88 
respectively) along with various control bits. 


Device 0 Bus 0 Host Bridge Registers 


MN VT8601A Apollo PLE133 
Device 0 Offset 83-80 - GART/TLB Control ...............000 RW. Device 0 Offset 84 - Graphics Aperture Size..............00+ RW. 
31-16 Reserved o.ececceeceeeeesceeteeeneeeteeeeees always reads 0 7-0 Graphics Aperture Size 
15-8 Reserved (test mode status).................cc:cccccseseeees RO 11111111 1M 
11111110 2M 
7 Flush Page TLB 11111100 4M 
OQ -Disablesis siesta ened default 11111000 8M 
1 Enable 11110000 16M 
11100000 32M 
6-4 Reserved (always program to 0)............ eee RW 11000000 64M 
10000000 128M 
3. PCI Master Address Translation for GA Access 00000000 256M 
0 Addresses generated by PCI Master accesses : 
of the Graphics Aperture will not be translateddefaulPffset 8B-88 - GA Translation Table Base 
1 PCI Master GA addresses will be translated 31-12 Graphics Aperture Translation Table Base 
2 AGP Master Address Translation for GA Access Pointer to the base of the translation table in system 
0 Addresses generated by AGP Master accesses memory used to map addresses in the aperture range 
of the Graphics Aperture will not be translateddefault (the pointer to the base of the "Directory" table). 
1 AGP Master GA addresses will be translated UU=3 “RESCRVE - ssccsssccseseilsdeslesthevsinis ecstges che always reads 0 
1 CPU Address Translation for GA Access 2 One Cycle TLB Flush Command 
0 Addresses generated by CPU accesses of the O Disable siscscicnccsisiiesssciec css hivin iedessestee default 
Graphics Aperture will not be translated..... def lL Bnabletccksctsuseiahsnis should be set to 1 
1 CPUGA addresses will be translated 1 Graphics Aperture Enable 
0 AGP Address Translation for GA Access QO) Disable seis: sce: cishictscceirieiicaistieisi eee default 
0 Addresses generated by AGP accesses of the 1 Enable Graphics Aperture Address [31:28] 
Graphics Aperture will not be translated ..... def Note: To disable the Graphics Aperture, set this bit 
1 AGP GA addresses will be translated to 0 and set all bits of the Graphics Aperture Size to 
Note: For any master access to the Graphics Aperture range, Teepe ie rap hics Aperture, set this bit to 1 
snoop will not be performed. and program the Graphics Aperture Size to the 
desired aperture size. 
O Reserved  wceviicscsseiccieieiisneyen always reads 0 
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Note: If TLB miss, the TLB table is fetched by the address: 


Gr Ap Trans Table Base [31:12] + A[27:22], A[21:12], 2’b00 


Device 0 Bus 0 Host Bridge Registers 


AGP Control 


Device 0 Offset A3-A0 - AGP Capability Identifier........ 


31-24 
23-20 


Reserved always reads 00 
Major Specification Revision always reads 0001 
Major revision # of AGP spec device conforms to 

Minor Specification Revision always reads 0000 
Minor revision # of AGP spec device conforms to 

Pointer to Next Item always reads 00 (last item) 
AGP ID .. (always reads 02 to indicate it is AGP) 


19-16 


15-8 
7-0 


Device 0 Offset A7-A4 - AGP Status 


31-24 Maximum AGP Requests always reads 07 
Max # of AGP requests the device can manage (8) 


23-10 Reserved oui. eseeeeeeeees always reads Os 

9 Supports SideBand Addressing......... always reads | 

8-2 Reserved ou. eeeseeeeeeeees always reads Os 
1 2X Rate Supported 


Value returned can be programmed by writing to 


RXACI3 |. deteeciceevieXeentiseccttveeissicnere always reads | 
0 1X Rate Supported... always reads | 
Device 0 Offset AB-A8 - AGP Command ..............-.ee000+ RW 


31-24 Request Depth (reserved for target) .. always reads Os 
23-10 Reserved always reads Os 


9  SideBand Addressing Enable 
QO? “Disable .icceiccccccccesseseesveeessexevestocueeieedy esses default 
1 Enable 

8 AGP Enable 
O° Disable iiss ickikeetcnilokheinkiiandsa default 
1 Enable 

7-2 Reserved ou... eeeseseseeeseeseeseeeeeees always reads Os 

1 2X Mode Enable 
QO. Disable siectcieeeciesteepestehes iene editeersieee ness default 
1 Enable 

0 1X Mode Enable 
QO: Disable sicceicie.cccrhcdavesietess cevheeeisied okies default 
1 Enable 

Revision 1.82 October 22, 2001 


-50- 


VT8601A Apollo PLE133 
Device 0 Offset AC - AGP Control .............ssessssrssrssssees RW 
TF “ROSOKVEd,  siessicsccesecesiscsecainceses cos cones always reads Os 

6 AGP Read Synchronization 

OM “DISAB osccesteesiveds coteacusdescasssaccrteaniadeaeaees default 

1 Enable (the CPU to AGP cycle will be delayed 
if the CMFIFO contains a GART access) 

5 AGP Read Snoop CMFIFO 

Os. “DISAB Cie caccestedivseeiactcvurscteasoes perissseeatteniee’ default 

1 Enable (AGP read address will snoop the 
CMFIFO; if hit, AGP read will be started after 
the write is retired) 

4 AGP Master Request has Higher Priority if AGP 

Controller is Parking at AGP Master 

OQ) “DISABI 6 seis .ssesesosessseecessctsassinnssotteesteceatieaed default 
1 Enable 

3. 2X Rate Supported (read also at RxA4[1]) 
O Not supported... eeeeeeneeeeeeee default 
1 Supported 

2 LPR In-Order Access (Force Fence) 

0 Fence/Flush functions not guaranteed. AGP 
read requests (low/normal priority and high 
priority) may be executed before previously 
issued write TeqUESTS. .......e ee eeeeeeteeeeeeeeee default 

1 Force all requests to be executed in order 
(automatically enables Fence/Flush functions). 
Low (i.e., normal) priority AGP read requests 
will never be executed before previously 
issued writes. High priority AGP read 
requests may still be executed prior to 
previously issued write requests as required. 

1 AGP Arbitration Parking 

0) ~ Disabl eis: sis ctien nein default 

1 Enable (GGNT# remains asserted until either 
GREQ# de-asserts or data phase ready) 

0 2T AGP to DRAM Request Generation 
0) Disabletics, scissucscaiiniindicencinasacs 2 default 
1 Enable 
Device 0 Offset AD — AGP Latency Register ..............+0+ RW 


7-4 Reserved 
3-0 AGP Latency Timer(units of 16 GCLKs) 


always reads Os 


OOOO Free RUN... cc cceeeesesseceseeeeeeeeeseeees default 


Device 0 Bus 0 Host Bridge Registers 


Device 0 Offset F7-FO — BIOS Scratch Register.............. RW 


7-0 No Hardware Function 


Device 0 Offset F8 — DRAM Arbitration Timer 1 


7-4 AGP Timer (units of 4 DRAM Clocks) 
3-0 Host Timer (units of 4 DRAM Clocks) 


Device 0 Offset F9 - DRAM Arbitration Timer 2 
7-4 VGA High Priority Timer (units of 16 DRAM 
Clocks) 
3-0 VGA Timer (units of 16 DRAM Clocks) 


Device 0 Offset FA — CPU Direct Access Frame Buffer 
Base Address A[28:21 


7-0 A[28:21] 


Device 0 Offset FB — Frame Buffer Control 


7 VGA Enable 
0 Disable 
1 Enable 
VGA Reset 
Frame Buffer Size 
00 None 
01 2M 
10 4M 
11 8M 
CPU Direct Access Frame Buffer 
0 Disable 
1 Enable 
CPU Direct Access Frame Buffer Base Address 
<31:29> 


default 


ss svesissssoudevedesosvesssvenese (Write 1 to Reset) 


5-4 
default 


default 


2-0 
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Device 0 Offset FC — Back Door Control 1...................+ RW 
T-2 Reserved oie..eeecccececcccssseeesteeessteeeseeees always reads 0 

1 = Back-Door Max # of AGP Requests Allowed 


0 Read RXA7 will return 7.000. default 
1 Read RxXA7 will have number programmed 
at RxFD 


0 Back-Door Device ID Enable 
QO Use Rx3-2’s value for Rx3-2 read.......... default 
1 Use the value in RxFE-FF 
Device 0 Offset FD — Back Door Control 2.................s00 RW 


7-3 Reserved 
2-0 Back-Door Max # of AGP Requests the Device can 
Handle 


QUO. VAREQUCSE sss sscissses cesstectepeieis ig coeeesenseiedeases default 

001 2-Requests 

111 8-Requests 
Device 0 Offset FF-FE — Back Door Device ID................ RW 
15-0 Back-Door Device ID.....................c00c eee default = 0 


Device 0 Bus 0 Host Bridge Registers 


Device 1 Bus 0 Header Registers - PCI-to-AGP Bridge 


All registers are located in PCI configuration space. They 
should be programmed using PCI configuration mechanism 1 
through CF8 / CFC with bus number and function number 
equal to zero and device number equal to one. 


Device 1 Offset 1-0 - Vendor ID 
15-0 ID Code (reads 1106h to identify VIA Technologies) 


Device 1 Offset 3-2 - Device ID............cccccccccsssssssssssssseeseees 


15-0 ID Code (reads 8601h to identify the VT8601A PCI- 
to-PCI Bridge device) 


Device 1 Offset 5-4 - COMMANG .............scessecsssesesrssesseees RW 
15-10 Reserved oo. eeeeeeeeeeeees always reads 0 
9 Fast Back-to-Back Cycle Enable..........0..0.... RO 
0 Fast back-to-back transactions only allowed to 
the Same AGeNt...... eee eeeeeeeeteceteeeteeeteees default 
1 Fast back-to-back transactions allowed to 
different agents 
8 SERR# Enable... eect eeeeereeeees RO 
0 SERR# driver disabled... default 
1 SERR# driver enabled 
(SERR# is used to report parity errors if bit-6 is set). 
7 Address / Data Stepping............ eee eeeeeeeeeeee RO 
0 Device never does stepping ............... default 
1 Device always does stepping 
6 Parity Error Response.................cceeeeeeeeeeeeeeeeee RW 
0 Ignore parity errors & continue ............. default 
1 Take normal action on detected parity errors 
5 VGA Palette Snoop .0...... cece eeeeeeeneeeteeeseeeneeeeees RO 
0 Treat palette accesses normally ............. default 
1 Don’t respond to palette writes on PCI bus 
(10-bit decode of I/O addresses 3C6-3C9 hex) 
4 Memory Write and Invalidate Command.......... RO 
0 Bus masters must use Mem Write ......... default 
1 Bus masters may generate Mem Write & Inval 
3 Special Cycle Monitoring ..........0... eects RO 
0 Does not monitor special cycles ............ default 
1 Monitors special cycles 
2 Bus Master ccecccvcavciicdvidcosnsatetdess RW 
0 Never behaves as a bus master 
1 Enable to operate as a bus master on the 
primary interface on behalf of a master on the 
secondary interface 00... eeeeeseeseeeeeeee default 
1 Memory Space... ceceeccesceseeeneeeeeeeeeeeaeeenees RW 
0 Does not respond to memory space 
1 Enable memory space access ............0 default 
O: TO:SPace®  sasecssecenscssetesheseesies ccesteseachsctadynserbas ance RW 
0 Does not respond to I/O space 
1 Enable I/O space access ...... eee default 
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Device 1 Offset 7-6 - Status 


Primary Bus 


15 Detected Parity Error.........00...000.. 
14 Signaled System Error (SERR#) 
13. Signaled Master Abort 


always reads 0 
always reads 0 


O No abort received... eee eeeeeeeeseeeeeeeees default 
1 Transaction aborted by the master with 
Master-Abort (except Special Cycles).....0....... 
speunbevatapaevictvadteedeeasseanattest write | to clear 
12 Received Target Abort 
O No abort received... eee eeeeceeeteeeneeeees default 
1 Transaction aborted by the target with Target- 
ADOLE sche easieccpnertiecnianeticeeesd write | to clear 
11 Signaled Target Abort... always reads 0 
10-9 DEVSEL# Timing 
00 Fast 
OL Medium... eee always reads 01 
10 Slow 
11 Reserved 
8 Data Parity Error Detected ............... always reads 0 
7 Fast Back-to-Back Capable............... always reads 0 
6 User Definable Features..................... always reads 0 
5 66MHz Capable ....... ee always reads | 
4 Supports New Capability list............. always reads 0 
3-0) Reserved oi eeeeeeeeeeeeeees always reads 0 
Device 1 Offset 8 - Revision ID ................srscssssrsrsrsssseeees RO 


7-0 VT8601A Chip Revision Code (00=First Silicon) 


Device 1 Offset 9 - Programming Interface 


This register is defined in different ways for each Base/Sub- 
Class Code value and is undefined for this type of device. 


7-0 Interface Identifier 


always reads 00 


Device 1 Offset A - Sub Class Code 
7-0 Sub Class Code. reads 04 to indicate PCI-PCI Bridge 


Device 1 Offset B - Base Class Code 
7-0 Base Class Code ..reads 06 to indicate Bridge Device 


Device 1 Offset D - Latency Timer 


7-0 Reserved 


Device 1 Offset E - Header T 


7 BIST Supported ...... reads 0: no supported functions 
6 Start Test 0.0. write | to start but writes ignored 
S=@ RESCrved.. ssissiccsesaisatissssasavesscessssgecsaes always reads 0 
3-0 Response Code ......... 0 = test completed successfully 


Device | Bus 0 Header Registers - PCI-to-AGP Bridge 


Device 1 Offset 18 - Primary Bus Number 


7-0 Primary Bus Number default = 0 
This register is read write, but internally the chip always uses 
bus 0 as the primary. 


Device 1 Offset 19 - Secondary Bus Numbet...............0008+ RW 


7-0 Secondary Bus Numbev............00.. default = 0 
Note: PCI#2 must use these bits to convert Type | to Type 0. 


Device 1 Offset 1A - Subordinate Bus Number 

7-0 Primary Bus Number default = 0 
Note: PCI#2 must use these bits to decide if Type 1 to Type 1 
command passing is allowed. 


Device 1 Offset 1C - I/O Base...............csssccccssssssecessssreceeees RW 
7-4 I/O Base AD[15:12] default = 1111b 
3-0 I/O Addressing Capability ........0.0000000.. default = 0 

Device 1 Offset 1D - I/O Limit .................cccccssssseesssssseseeees RW 
7-4 VO Limit AD[15:12] .... default = 0 
3-0 I/O Addressing Capability .......0.0..00000.. default = 0 

Device 1 Offset 1F-1E - Secondary Status .................000+ RO 


15-0 Reserved 


Device 1 Offset 21-20 - Memory Base.............ssccsesscssssssees RW 


15-4 Memory Base AD[31:20] 
3-0 Reserved 


default = OFFFh 
always reads 0 


Device 1 Offset 23-22 - Memory Limit (Inclusive 


default = 0 
always reads 0 


15-4 Memory Limit AD[31:20] 
3-0 Reserved 


15-4 Prefetchable Memory Base AD[31:20] def = OFFFh 
3-0 Reserved always reads 0 
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15-4 Reserved 
3. VGA-Present on AGP 
QO Forward VGA accesses to PCI Bus 
1 Forward VGA accesses to AGP Bus 
Note: VGA addresses are memory AQ000-BFFFFh 
and I/O addresses 3B0-3BBh, 3CO-3CFh and 3D0- 
3DFh (10-bit decode). "Mono" text mode uses 
BO000-B7FFFh and "Color" Text Mode uses B8000- 
BFFFFh. Graphics modes use Axxxxh. Mono VGA 
uses I/O addresses 3Bx-3Cxh and Color VGA uses 
3Cx-3Dxh. If an MDA is present, a VGA will not 
use the 3Bxh I/O addresses and BOO00-B7FFFh 
memory space; if not, the VGA will use those 
addresses to emulate MDA modes. 
Block / Forward ISA I/O Addresses 
0 Forward all I/O accesses to the AGP bus if 
they are in the range defined by the I/O Base 
and I/O Limit registers (device | offset 1C- 
1D) 


sibbsiddh aid eacdsossets tuaasreare eens default 
1 Do not forward I/O accesses to the AGP bus 
that are in the 100-3FFh address range even if 
they are in the range defined by the I/O Base 
and I/O Limit registers. 
1-0 Reserved always reads 0 


Device | Bus 0 Header Registers - PCI-to-AGP Bridge 


Device 1 Bus 0 PCI-to-AGP Bridge Registers 


AGP Bus Control 


Device 1 Offset 40 - CPU-to-AGP Flow Control 1 
7  CPU-AGP Post Write 
0 Disable 
1 Enable 
CPU-AGP Dynamic Burst 
0 Disable 
1 Enable 
CPU-AGP One Wait State Burst Write 
0 Disable 
1 Enable 
AGP to DRAM Prefetch 
0 Disable 
1 Enable 
AGP Master Allowed Before CPU-to-AGP Post 
Write Buffer is Not Flushed 
0 Disable 
1 Enable 
This option is always enabled for PCI 
MDA Present on AGP 
QO Forward MDA accesses to AGP 
1 Forward MDA accesses to PCI 
Note: Forward despite IO / Memory Base / Limit 
Note: MDA (Monochrome Display Adapter) 
addresses are memory addresses BOOOOh-B7FFFh 
and I/O addresses 3B4-3B5h, 3B8-3BAh, and 3BFh 
(10-bit decode). 3BC-3BE are reserved for printers. 
Note: If Rx3E bit-3 is 0, this bit is a don't care 
(MDA accesses are forwarded to the PCI bus). 
AGP Master Read Caching 
0 Disable 
1 Enable 
AGP Delay Transaction 
0 Disable 
1 Enable 


default 


default 


default 


default 


default 


default 


default 


Table 5. VGA/MDA Memory/IO Redirection 


VGA |MDA]Axxxx, 3Cx, 
1S iS -B7FFF] 3Dx | 3Bx 
on on YO | VO 


40[2] 
MDA 
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Device 1 Offset 41 - CPU-to-AGP Flow Control 2....... RWC 
7 Retry Status 
O Noretry occurred 0... eee eeeeeeeeees default 
1 Retry Occurred... write 1 to clear 
6 Retry Timeout Action 
0 No action taken except to record status........ def 
1 Flush buffer for write or return all 1s for read 
5-4 Retry Count 
00 Retry 2, backoff CPU ......eeeeeee default 
Ol Retry 4, backoff CPU 
10 Retry 16, backoff CPU 
11 Retry 64, backoff CPU 
3 Post Write Data on Abort 
0 Flush entire post-write buffer on target-abort 
OF Master ADOT 0... eee eeeeeteesteeeteeeteeteee default 
1 Pop one data output on target-abort or master- 
abort 
2 CPU Backoff on AGP Read Retry Timeout 
O’ Disable tics scsi. ciseadi sccctin ansentescteagee ties default 
1 Enable 
1-0) Reserved oie eeeeeesseeeeeeeees always reads 0 
Device 1 Offset 42 - AGP Master Control ..............0000000 RW 
7 Read Prefetch for Enhance Command 


0 Always Perform Prefetch........ default 
1 Prefetch only if Enhance Command 
AGP Master One Wait State Write 
O° Disableiis5:3. skies entiesiiniad default 
1 Enable 
AGP Master One Wait State Read 
Q? Disable sies2cidscccsccccesecsviaes cousnbeaccstievetvases default 
1 Enable 
Extend AGP Internal Master for Efficient 
Handling of Dummy Request Cycles 
Q) Disable tees cecsccscdicscnsictessess cueheatteedithevetiases default 
1 Enable 
This bit is normally set to 1. 
AGP Delay Transaction Timeout 
Q! DiSabl@ sss cccciesccehivepisechsianscedscnseecstbayetuases default 
1 Enable 
Prefetch During Delay Transaction 
O° Enable: ccicscsscd cove necvesscadesvaizsacveneaietees default 
1 Disable 
Reserved 
Reserved (do not use) 


always reads 0 
default = 0 


Device | Bus 0 PCI-to-AGP Bridge Registers 
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Device 0 Bus 1 Header Registers - 


The Apollo PLE133 2D / 3D Graphics Accelerator is fully 
compliant with PCI bus interface protocol revision 2.2. The 
controller implements slave functions of PCI to accept cycles 
initiated by PCI masters targeted for its internal registers, 
RAMDAC™, frame buffer, and/or BIOS. It will accept only 
one data transaction for non-memory type transfers; however 
burst read/write transfers for frame buffer accesses are also 
implemented for performance enhancement. Bursting is 
disabled when accessing memory mapped I/O. Data parity 
will be generated for read cycles. 


Graphics Accelerator 


To support the PC AT architecture, palette snooping is 
supported. There are two different palette snooping modes: 
(1) snooping due to PCI retry, and (2) snooping due to master 
abort. Both modes are supported. The video BIOS will 
automatically determine the correct snooping mode in a PCI 
based system during power up. The PLE133 follows the PCI 
2.2 specification running at 33 MHz or lower system clock 
frequencies. For packed pixel modes, if the first data TRDY is 
not generated within 16 clocks, a retry will be issued. During 
bursting, if successful data is not generated within 8 clocks, a 
retry will also be issued. 


The table below lists the commands implemented by the 
PLE133 graphics controller PCI interface. Note that codes not 
listed (0000 interrupt acknowledge, 0001 special cycle, 0100, 
0101, 1000, 1001 reserved, and 1101 dual address cycle) are 
not decoded and DEVSEL+# is not generated. No action takes 
place inside the chip for these codes. 


Table 6. Supported PCI Command Codes 


Command Code 


0010 
0011 
0110 
0111 


Command 


I/O Read 

1/O Write 

Memory Read 

Memory Write 

Configuration Read 
Configuration Write 

Memory Read Multiple 
(treated as simple memory read) 
Memory Read Line 

(treated as simple memory read) 
Memory Write and Invalid 
(treated as simple memory write) 
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The PCI configuration space is fully implemented. Due to the 
second memory base register, all I/O registers can be memory 
mapped; which allows more than one graphics controller to be 
installed within a system by mapping memory and I/O to 
different locations. 


All configuration registers are located in PCI configuration 
space and should be programmed using PCI configuration 
mechanism | through CF8 / CFC with bus number equal to 
one and function number and device number equal to zero. 


There are three memory base registers. The first defines the 
memory base location for the graphics frame buffer. The 
second defines the memory base for the memory mapped I/O 
locations. The third defines the memory base for the second 
video aperture. With this second aperture, graphics data and 
video data can be sent to the PLE133 simultaneously. 


The PLE133 supports the PCI Bus Master mode which can 
send captured video data directly to system memory for 
processing. The registers to control the PCI Bus Master are 
defined in following sections (they are all in PCI configuration 
space). 


Offset 1-0 - Vendor ID (1023h 


15-0 ID Code 


Offset 3-2 - Device ID (8500h 


15-0 ID Code 


Device 0 Bus | Header Registers - Graphics Accelerator 


Offset 5-4 - Command 
15-10 Reserved 


9 Fast Back-to-Back Cycle Enable.........00.0.00..... RO 

0 Fast back-to-back transactions only allowed to 
the same agent 
1 Fast back-to-back transactions allowed to 
different agents 

8 SERR# Enable... eects eeeeeeenees RO 
0 SERR# driver disabled... default 
1 SERR# driver enabled 

(SERR# is used to report parity errors if bit-6 is set). 

7 Address / Data Stepping... eee eeeeeeeeeee RO 
0 Device never does stepping ............... default 
1 Device always does stepping 

6 - Parity Error Response................ccecceeeeseeeeeeeees RO 
0 Ignore parity errors & continue ............. default 
1 Take normal action on detected parity errors 

5 VGA Palette Snoop .........e ee eeeeseceteeeneeeeeeeneetees RW 
0 Treat palette accesses normally ............. default 
1 Don’t respond to palette accesses on PCI bus 

4 Memory Write and Invalidate Command.......... RO 
0 Bus masters must use Mem Write ......... default 
1 Bus masters may generate Mem Write & Inval 

3 Special Cycle Monitoring .........00... eects RO 
0 Does not monitor special cycles ............ default 
1 Monitors special cycles 

Z. JBuUS Master: sccccssiiisccdiscessdgivyeeardavioaesenies RW 
0 Never behaves as a bus master .............. default 
1 Can behave as a bus master 

Lo Memory Space... cece eecceeseeececeneeeneeeseeenreeees RW 
0 Does not respond to memory space 
1 Responds to memory space.............ee default 

O: TVOSpace . iecnustwdessnneiainvsiencea: RW 
0 Does not respond to I/O space 
1 Responds to I/O space 0... eee default 
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Offset 7-6 - Status 
15 


Detected Parity Error 
0 No parity error detected oe default 
1 Error detected in either address or data phase. 
This bit is set even if error response is disabled 
(command register bit-6). ...... write one to clear 


14  Signaled System Error (SERR# Asserted) 
sceviheuuaeabantestesstecuesseesuathaots always reads 0 
13. Signaled Master Abort (Bus Master Only) 
O No abort received... eee eeeeeeeeteeeeeeeaees default 
1 Transaction aborted by the master .............. 
a vebuneenayposveoeeaaanveneis eeeiss write one to clear 
12 Received Target Abort (Bus Master Only) 
O No abort received... eee eeeeeeeeeereeteeees default 
1 Transaction aborted by the target... ee 
s sabuhousavaysevusstadievaragsseansayea write | to clear 
11 Signaled Target Abort... always reads 0 
0 Target Abort never signaled 
10-9 DEVSEL# Timing 
00 Fast 
OL Medium... eee always reads 01 
10 Slow 
11 Reserved 
8 Data Parity Error Detected (Bus Master Only) 
0 No data parity error detected ..... always reads 0 
1 Error detected in data phase 
7 Fast Back-to-Back Capable 
O NOt Capable 5s. ccscasTssesssesisuiveeterseescestees default 
1 Capable 
6 Reserved .sccchessssccarnsctcditinvnt: always reads 0 
5 66MHz Capable ........ ee always reads | 
4 Supports New Capability list............. always reads 0 
B-0. Reserved asse.cicceseessesccseasseescesessncsstne always reads 0 


Device 0 Bus | Header Registers - Graphics Accelerator 


Offset 8 - Revision ID ................ccssccssssscsssscssssccssssssssscssssses RO 
8-0 VT8601A Graphics Controller Revision Code 


Offset 9 - Programming Interface ...............ccccssssssssesseees RO 


7-0 Interface Identifier... always reads 00 
Offset A - Sub Class Cod e..............rccsscsscssssssssssssesssssssees RO 
7-0 Sub Class Code... eee always reads 00 
Offset B - Base Class Code ...........ssccrecscssrssesssssssessssesoes RO 


7-0 Base Class Code 
Reads 03 to indicate Graphics Controller 


Offset 13-10 - Graphics Memory Base 0 ...........sccccccccsssees RW 


31-0 Graphics Memory Base 0......... default = E000 0000 
Defines an 8MB space for display memory 


Offset 17-14 - Graphics Memory Base 1 ...........ssescccsssssees RW 


31-0 Graphics Memory Base 0......... default = E080 0000 
Defines a 128KB space for memory mapped I/O 


Offset 1B-18 - Graphics Memory Base 2 ..........scccccccssseees RW 


31-0 Graphics Memory Base 0......... default = E040 0000 
Defines an 8MB space for off-screen video overlay 


Offset 2D-2C — Subsystem Vendor ID.............sccscscsssssssees RW 


15-0 Subsystem Vendor ID.......0.. ee default = 00 


Offset 2F-2E - Subsystem ID............ccccccccssssssssssssssscssesseees RW 


15-0 Subsystem ID... cece eeeeeeseeeneeeee default = 00 


Offset 33-30 —Graphics ROM Base ............csssssssssssssseseeees RW 


31-0 Graphics ROM Base.................. default = 0000 0001 


VT8601A Apollo PLE133 


Offset 3C — Interrupt Line ..............cccccccsscsssssssssssssssssssseees RW 


7-0 Interrupt Line 00.0. default = OBh 


Offset 3D — Interrupt Pin ..............cccccccssssssssssssssssscscssceseeees RO 


7-0 Interrupt Pin.................... always reads 01h (INTA#) 


Interrupts 
There are several interrupt sources and their corresponding 


controls in the PLE133 as shown in the following table: 


Table 7. Interrupt Sources and Controls 


| Source__—|_Mask | Clear | Status _| 
CR9B[6]'|CR9B[4] 
Capture VSYNC : 
Capture Even Field 7 
Capture Odd Field : 
Capture Blank : 
GE’ 2122[7] | 2122[7] 

1) Write 0 to clear. 

2) Selected by CR9E[7:6] 

3) Video capture logic can generate an interrupt which is 
selected from one of four sources determined by 
CR9E.[7:6]. This interrupt is enabled by CR9B[7]. To 
clear this bit write 0 to CR9B[6]._ Whether an interrupt is 
generated can be determined from CR9B[4]. 

4) The GE interrupt is similar to the capture interrupt. 

5) The VGA interrupt is similar to the capture interrupt 
except that there is no status bit. 
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Device 0 Bus 1 Graphics Accelerator Registers 


Offset 93-90 — Power Management 1.............sssccsssssssssseees 


31-27 Reserved oui. eeeeeeeseeseeseeees always reads 0 
PME# not supported 
26 D2 State (Suspend) Supported........... always reads | 
The D2 state is supported 
25 D1 State (Standby) Supported........... always reads | 
The D1 state is supported 
24-22 Reserved ooi.eeeceecceeeeeeeseeseeeeees always reads 0 
21 Device Specific Initialization.............. always reads | 
Special DSI is required from the video BIOS 
20. Reserved  ccissccscueticiessdtesciecesesteesans always reads 0 
Auxiliary power source not supported 
19 Reserved oie eee eeeeeeeseteeeeeees always reads 0 
PME# generation not supported 
18-16 PCI PM Version #........00. always reads 001b 
15-8 Next Item Pointer.......0.. always reads 0 
7-0 PCIPM Capable... always reads Olh 
This device is PCI PM capable 
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Offset 97-94 — Power Management 2 
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31-24 


23-16 
15 


14-13 


Reserved always reads 0 
Power dissipation reporting not supported 

Reserved always reads 0 
D3 Cold Supported always reads 0 
D3 cold not supported 

Data Scale always reads 0 
Power dissipation reporting not supported 

Power Consumed / Dissipated always reads 0 
Power dissipation reporting not supported 

Reserved always reads 0 
PME# for D3 cold not supported 

Reserved 
Power State 
Fully On 
Standby 
Suspend 
D3hot, similar to suspend 


always reads 0 


suobulaWavaaet aceed quunsesateasander geeaaceiecs default 


Device 0 Bus | Graphics Accelerator Registers 


Graphics Accelerator PCI Bus Master Registers 


The PLE1I33 PCI Bus Master controller supports both 
read/write and scatter/gather. Software can take advantage of 
this feature to transfer data between system memory and the 
frame buffer. After software sets the proper registers and 
commands, the PCI master begins to transfer data 
automatically between system memory and the frame buffer. 
This allows the CPU to do other jobs at the same time, thus 
increasing performance. 


Software should use the PCI Bus Master functionality to 
transfer big chunks of data such as video capture data for 
video conferencing applications or texture data for 3-D 
applications. For small chunks of data, direct CPU access to 
the Frame Buffer is the preferred method. 


The software sequence used to control bus master operation is 
as follows: Software first sets registers such as the system 
memory starting address, page table starting address / height / 
width, and frame buffer starting address and line offset. 
Software finally sets the bus master control register where 
either bit 1 (for reads) or bit 2 (for writes) is set as the 
command bit. After the command bit is set, the hardware will 
begin to transfer data automatically based on the parameters 
specified. After the transfer is finished, the hardware will 
issue an interrupt. Software can then poll the status bit to get 
the transfer status. The hardware will clear the command bit 
after the transfer is finished. Software cannot issue new 
commands until the previous command is completed. 


All Registers are memory mapped. The memory address base 
is defined in PCI configuration register “Memory Base 1” 
(offset 17h-14h). 


Port 2204 — Graphics Bus Master Status 


31-3 Reserved 


2 Bus Master Interrupt Status 

1 ‘End of Transfer 
O Still processing... ee eee eeeeeeeeeee default 
1 End of Transfer (Idle) 

0 Bus Master Error Status 
OQ. Normal 2nd c.Siiieetienuiaas default 


1 Error Detected 
This error is ususlly detected because the total page 
table size is less than the size defined in the 
“Graphics Bus Master Height” register at index 
2314h. 
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Port 2300 — Graphics Bus Master Control 


31-16 Reserved 


15 PCI Master Read Data to GE SRCQ 
Ov Disable siises.cc:sescdiictssectinaesacrzacsieesavidees default 
1 Enable 


14-11 Bytes in DW to be Cleared 
When enabling block transfer with clear, one bits 
define which byte(s) in the DW will be cleared 


10 Enable Bit with Clear 
OQ: Disable vicssoecie ss ek ekeaicciseteeetea eels default 
1 Enable 
9 Invert C/ Z Position 
0 Hardware assumes C is located in bits 15:0 
and Z in bits 31:16 wee eeeeeseeeeeeeees default 
1 Hardware assumes C is located in bits 31:16 
and Z in bits 15:0 
8 Enable Z Stripping 
0. Disabled sccssvcccerinee etree default 
1 Enable 
PS. Reserved, ceccissicieseiesencsteciesssvisat oon always reads 0 
4 Bus Master Interrupt 
O° Disables siti ciscacin ee ete default 
1 Enable 
3. Master Latency 
Or. DISAB] Ciscceseosseveaves efvenecedeveersacivanteehcenves default 
1 Enable 
2 Write Command ....0..... eee eeeeeneeeeeeeees default =0 
Writing this bit to | will trigger the hardware to begin 
a write operation. After finishing the operation, 
hardware will automatically clear this bit. 
1 = Read Command 0... eeeeeeeeeseeeeees default =0 
Writing this bit to | will trigger the hardware to begin 
a read operation. After finishing the operation, 
hardware will automatically clear this bit. 
0 Scatter / Gather 
QO DiSable ss cisccisecduatissecsscctecsasateeteessetacsacnaass default 
1 Enable 
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Port 2310 — Graphics Bus Master System Start Addr ...RW 
31-0 System Start Address 
If scatter / gather is enabled, bits 31:12 point to the 
physical region translation table (the page starting 
address must be aligned on 4KB address boundaries) 
and bits 11:0 are the offset within a page. 


Physical Region Descriptor Table 


While system memory is allocated in a non-contiguous space, 
software needs to provide a physical region description table 
in system memory and pass the table's starting address to 
hardware. 


The table size must less than or equal to 4K bytes and the table 


cannot cross the 4K boundary. 


Figure 5. Physical Region Descriptor Table Format 
BYTE3 | BYTE2 | BYTEI1 | BYTEO 


Page 0 physical address |JEOT 


Page 1 physical address |JEOT 
Page n physical address JEOT 


EOT = End of Table 


Each table entry is 4 bytes in length. Hardware assumes that 
the physical page is always 4K. Bits 31:2 indicate the 
physical page starting address. Bit 0 of the first byte indicates 
the end of the table. Bus Master operation terminates when 
the last descriptor has been retired. 
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Port 2314 — Graphics Bus Master Height..................ses0e RW 


15-10 Reserved 
9-0 Source Data Height 


Port 2316 — Graphics Bus Master Width..................sesee RW 


15-12 Reserved 
11-0 Source Data Width (in bytes) 


Port 2318 — Graphics Bus Master FB Start Addr/Pitch RW 
31-22 Frame Buffer Line Offset (FB pitch) in quadwords 
21-20 Reserved always reads 0 

19-0 Frame Buffer Start Address (quadword aligned) 


Port 231C — Graphics Bus Master System Pitch 


15-12 Reserved always reads 0 
11-0 System Row Byte Offset (pitch) in bytes 


Port 2320 — Graphics Bus Master Clear Data..............0+ RW 


31-0 Clear Data Value 
Used as the “clear” value for “block transfer with 
clear” 


Figure 6. PCI Bus Master Address Translation 


System Start Address 
Register at 2210 
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Graphics Accelerator AGP Registers 
The default base I/O address for the AGP registers is 2300h. 


The AGP control unit has 3 channels. These channels can 
work independently and in parallel. Each channel has its own 
capabilities: 


Channel 0: Execution mode texture access. 


Channel 1: Command List Operation. Executes command 


lists from AGP memory. 


Channel 2: Data Move. Moves data from AGP memory to 
frame buffer or to the Capture/MPEG2 FIFO. 
Also moves data from the frame buffer to AGP 


memory. 


Graphics AGP Configuration Registers 
Port 2304 — Graphics AGP Capability List 


31-0 xx 
Port 2334 —- Graphics AGP Capability List Address...... RW 
31-0 xx 


Graphics AGP Operation Registers 


31-19 Reserved always reads 0 
18-0 Frame Buffer Command List Start Address 


31-19 
18-3 


Reserved always reads 0 
Frame Buffer Command List Size (in quadwords) 
Value programmed is the desired size minus one 
Reserved always reads 0 


2-0 
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Command List Format 


The command list is stored in AGP memory in groups. Each 
group has the following format: 


Bit Bit 
uadW ord 63 48 32 31 16 O 
0 Data 0 Header 
1 Data 2 Data 1 
2 Data 4 Data 3 
n/2+1 Pad/Data n-1 Data n— 1/2 


The header is a 32-bit word that contains information about 
this group, such as the amount of useful data in the group. A 
group is always padded to a quadword boundary. Padding 
DWORDs are discarded by the channel. The format of the 
header is as follows: 


31 Consecutive Addressing 
0 Disabled (all data in this group will be written 
to the register with the destination address 
specified in the “ADDR” field in bits 29-8) 
1 Enabled (All data in this group will be written 
to registers ADDR, ADDR+4, ... ADDR+4 * 
(LEN-1) sequentially 
30 = =~Wait 


Don’t Wait (send data to the Graphics Engine 
as long as it can receive it) 
1 Wait (until the GE is idle, then send data) 
29-8 Register Address of the First Data (ADDR) 
15-0 Number of DWORDs of Data in this Group (LEN) 
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Port 2348 — Graphics AGP Channel 1 FB Start/Pitch ...RW 


31-22 Frame Buffer Line Offset (in quadwords) 
21-19 Reserved i.e eeeeseeeeeeeeees always reads 0 
18-0 Frame Buffer Starting Address 


Port 234C — Graphics AGP Channel 1 FB Size .............. RW 


31-13 X Direction (in quadwords minus one) 
12-10 Reserved 
9-0 Y Direction (in pixels minus one) 


31-3 Channel 1 System Memory Start Address 
(quadword aligned) 

2-1.. Reserved: - ccvccseiesiinnucinicesis always reads 0 

0 Command List Operation Trigger 

This bit is the same as bit-19 of register 2368h 
(Channel 1 Read Enable). It is used to trigger 
command list operation and force bit-17 of register 
2368h (Channel | Destination Select) to 1 (to select 
the GE Command FIFO). 


31-27 Reserved oui. ceeeeeeeeeeseeeeeeees always reads 0 
26-16 Ch 2 System Memory Line Offset (in quadwords) 
15-11 Reserved oo. eeeeeeeees always reads 0 
10-0 Ch1System Memory Line Offset (in quadwords) 


31-3 Channel 2 System Memory Start Address 
(quadword aligned) 
2-0) Reserved oo. eeeeeeeeeeeeeeeeeeees always reads 0 


Port 235C — Graphics AGP Channel 2 FB Start/Pitch ..RW 
31-22 Frame Buffer Line Offset (in quadwords) 
21-19 Reserved oui. eeeeseeeeeeeeees always reads 0 
18-0 Frame Buffer Starting Address 


Port 2360 — Graphics AGP Channel 2 FB Size............... RW 


31-27 Reserved oui. eeeeeeseeneeeeeees always reads 0 
26-16 Ch 2 System Memory Line Offset (in quadwords) 
15-11 Reserved oo... always reads 0 
10-0 Ch1System Memory Line Offset (in quadwords) 
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Port 2364 —Channel Arbitration Counter Threshold.....RW 

31-28 Reserved oo. ee ee eeeeseeeeeeeees always reads 0 

26-24 Channel 2 System Arbitration Threshold 

23-20 Channel 2 System Arbitration Threshold 

19-16 Channel 2 System Arbitration Threshold 

15-12 Reserved o..c.cececceccseeesseeeeteeetees always reads 0 

11-8 ?? 
7-0 2? 
31-27 Reserved o...ececeeceseeeeeeseeseeeeee always reads 0 
26 Reserved (Do not Program)....................... must be 0 
ZS:  RRESENVEO.. ccecascsssesess-esieepereenledesayaviise always reads 0 
24 Reserved (Do not Program)....................... must be 0 
23-22 Reserved un... eecsseesscesseerseereseeneees always reads 0 
21-20 Reserved (Do not Program)..................... must be O1 
19 Channel 1 Read Enable 
Q: Disable: .icissieestiteciestesitieeciacn le default 
1 Enable 

18 Channel 1 Interrupt Enable 
0 Disables: ccccnnacikeineiniilai nad default 
1 Enable 

17. Channel 1 Destination Select 
O Frame Buffer... ec eecseeeeseeeereeeeee default 
1 GECommand FIFO 

16 Channel 1 Enable 
QO Disablesiie.: nisi sarikiaciianiake default 
1 Enable 

15-1) Reserved oui. eeeseeneeeeeeee always reads 0 

0 Channel 0 Enable 
QO? TD1Sablessiscacssi<cdececcncscesssdesdederceineesesteageeers default 
1 Enable 
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Port 236C — Graphics AGP Global & Chan 2 Control ..RW 


31-26 Reserved always reads 0 
25-24 Sideband Address (SBA) Standby Latency Timer 
23 High Priority Command Enable 
0 Disable 
1 Enable 
Long Read Command Enable 
0 Disable 
1 Enable 
System Side Channel 2 Priority 
System Side Channel 1 Priority 
System Side Channel 0 Priority 
Reserved 
Frame Buffer Channel 2 Priority 
Frame Buffer Channel 1 Priority 
Reserved 
Channel 2 Read Operation Select 
Disabled 
Read from Frame Buffer to AGP 
Write from AGP to Capture / MPEG / FB 
-reserved- 
Channel 2 Interrupt Enable 
0 Disable 
1 Enable 
Channel 2 Write Target Select 
00 Write to Frame Buffer...............c cee 
01 Write to Capture / MPEG / FB 
1x -reserved- 


default 


22 
default 


always reads 0 


always reads 0 


default 


default 


default 
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Port 2370 —AGP Status 
31-18 Reserved 


always reads 0 


17. Channel 2 Interrupt Status 
0 No interrupt pending... ee default 
1 Interrupt Pending 
16 Channel 2 Busy Status 
OQ Adle> sive caiaeii ean: default 
1 Busy 
15-10 Reserved ieee always reads 0 
9 Channel 1 Interrupt Status 
O No interrupt pending... ee default 
1 Interrupt Pending 
8 Channel 1 Busy Status 
OQ. AGG: scsi natonesiitianen deere default 
1 Busy 
7-2 Reserved oii. ceeeeeeeeeeeeseeeeeeees always reads 0 
1 Channel 0 Interrupt Status 
O No interrupt pending... ee default 
1 Interrupt Pending 
0 Channel 0 Busy Status 
OQ). AdIe:, sp niincineninterin etna default 
1 Busy 
Graphics AGP Configuration Registers 
Port 2380 —- Graphics AGP Capability Identifier ........... RW 
31-0 xx 
Port 2384 — Graphics AGP Status .............0ccssssssssssesseees RW 


31-0 xx 
Port 2388 — Graphics AGP Comman............ccccccccssesseees 


31-0 xx 
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Command List Operation 


The PLE133 implements an internal block called the 
“Command List Control Unit” to process command lists. 
Command list operation is invisible to software. After 
initialization of the Command List Control Unit, software can 
set registers as if there is no Command List Control Unit. If 
an engine is idle and there are no pending commands in the 
command buffer, data will be passed to the corresponding 
register directly. Otherwise, address and data will be stored 
into the command buffer to be processed later. When the 
engine is idle, the Command List Control Unit will fetch 
commands from the command buffer which is located in video 
memory and send it to the engine. There are two registers that 
determine the lower and upper bounds of the command buffer, 
the Command Buffer Start and Command Buffer End 
registers. The Command List Control Unit uses the command 
buffer in a round robin fashion, i.e., the address is wrapped 
around when it passes the end of the buffer. 


Registers in the Setup Engine, Rasterization Engine, Pixel 
Engine, Memory Interface, and data from the host CPU and 
the drawing environment can be buffered by the Command 
List Control Unit. Command List Control registers and VGA 
extension registers cannot be buffered. Every entry in the 
command buffer is 64-bit with the lower 32 bits for the 
register address and the higher 32 bits for register data. In 
order to optimize memory bandwidth usage, the Command 
List Control Unit maintains one read and one write FIFO in its 
interface to memory in order to burst information from the 
read/write command list. 


Port 23B0 —Command Buffer Start Addresg.................+. RW 
31-30 Command List Mode 
00 Disable Command Buffer............0..0...... default 
01 Enable Command Buffer 
10 Flush Command Buffer Then Disable (after 


first completing any commands in the existing 
command buffer) 
11 -reserved- 
29-24 Reserved 
23-0 Command Buffer Start Address 
Starting address of the command buffer in bytes 
(quadword aligned). Writing to this register will set 
the internal buffer start and end pointers to this 
address. 


always reads 0 


Port 23B0 —Command Buffer End Address 
31-24 Reserved 
23-0 Command Buffer End Address 
End address of the command buffer in bytes 
(quadword aligned). This address should be 
programmed to one more than the address of the last 
byte of the command buffer. 
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Capture / ZV Port Registers 
Port 2200 — Capture / ZV Port Command 


31-28 Reserved 
27-24 Address 1 
23-20 Reserved 
19-16 Address 0 
15-8 Datal 
7-0 Data0 


Graphics Accelerator PCI Bus Master Registers 


DVD Registers 


Port 2280 — MC Version ID............ccccccssssseseee 


7-0 Version ID 


Port 2281 — MC Control ...............cscssssssssseseee 


7 Debug Mode 


O Disable ...... i ceceeeeeeseseeeees 


1 Enable 
6 MC Completion Interrupt 


Q Disable .cesecccet civsveessseeceteviescvas 


1 Enable 
5 VO Completion Interrupt 


QO “Disable ccsccsstcititieisovieeecciestvss 


1 Enable 
4 Host Bus Identification 


O AGP vssiaecic taststeteselesients 


1 PCI 
3. Decode Overwrite 


1 Disable 
2-1. IDCT Data Format 


OO -reserved- .......cceeeeeeeeeeeeeteeeees 


Ol 9 bits 

10 8 bits 

11 16 bits 
0 MC Mode 


QO . Disable sicccccc cei discsssissedesiecvsca 


1 Enable 
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Nw hw 


Interlaced Display 
TV Flicker Filter Bypass 
O® Use TV: CRYVC ssc wettest ascend default 
1 Use VGA CRTC 
Request Threshold of Display Command Queue 
Request Threshold of PBF 
Request Threshold of PFF 
Hardware SP RL-Decode Disable 
ORES S11] 0) (ce default 
1 Disable 
Frame Buffer Configuration 
OO 4 frame .......ceeceessecceessssceeeesssseeceesseeeeees default 
01 3.5-frame 
10 3.5-frame HHR 
11 3-frame 
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Port 2287-2284 — MC Command Queu...........cccccscccssees RW 


31-12 Page Table Address 


11 SP Command Present 
QO SP Command is Absent .............cee default 
1 SP Command is Present 
10-9 Video Output Display Fields 
QO --PeServed=ic. ccicccesecsdiesceseteaceceseidencoetseccies default 
01 Top 
10 Bottom 
11 Both 
8-6 Video Output Display Buffer 
OOO FO: © cesidccsyeccits eidisscereticiss chidisiieeeneccics default 
001 Fl 
010 F2 
011 F3 
100 HO 


110 H2 
111. -reserved- 
5-4 MC Buffer 2 


Bit-1 = 1 Bit-1 =0 
00 HO top 
01 H1 bottom 
10 H2 both 
11 No Buf 2 n/a 
3-2 MC Buffer 1 
Bit-1 = Bit-1 =0 
00 HO FO 
01 Hl Fl 
10 H2 F2 
11 n/a F3 
1 MC Buffer is Field 
O Not Field oo... eeeeecccecceseeseeeeeseseeees default 
1 Field 
0 MC Command in Queue 
OQ) Disable tscscccscieccsadidetan ess sdeveccdetnesteesceesase default 
1 Enable 


This register changes definition when written with bit-0 = 1. 
This address then becomes “MC Status” with the definition of 
the bits matching the following bit definitions until MC-Status 
bit-0 is cleared by hardware. 
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Port 2285-2284 — MC Status ..............ccsscccsssssssscssscssssscees RW 
15 Task Pop Out Done Status 


14-12 FIFO Status 
11 MC Decode Done Status 


10-9 Video Output Display Fields 
OO) SPeServVedasiesiccsgbceseiet neste carvers tenets easties default 
01 Top 
10 Bottom 
11 Both 

8-6 Video Output Display Buffer 
OOO! FO) 2nidiseihoedecnentitieneenes default 
001 Fl 


111 -reserved- 
5-4 MC Buffer 2 


Bit-1 = 1 Bit-1 =0 
00 HO top 
01 H1 bottom 
10 H2 both 
11 No Buf 2 n/a 
3-2. MC Buffer 1 
Bit-1 = Bit-1 =0 
00 HO FO 
01 Hl Fl 
10 H2 F2 
11 n/a F3 
1 MC Buffer is Field 
OQ NotiPield scccecc.dcdiccecicsdinscdeadensveccesssseennaese default 
1 Field 
0 MC Status 
O NOt in progress... cece eeeeeeereeeeeeee default 


1 In Progress 
The bit definitions above are valid only when bit-O is equal to 
1. When hardware clears bit-0, bit definitions revert to those 
defined by the “MC Command Queue” register defined in the 
left hand column of this page. 
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Port 228B-2288 — MC Y-Reference Address 


31-20 Reserved always reads 0 
19-0 Y-Reference Start Address (quadword aligned) 


Port 228F-228C — MC U-Reference Address 


31-20 Reserved always reads 0 
19-0 U-Reference Start Address (quadword aligned) 


Port 2293-2290 — MC V-Reference ACdTress...........ccccesees RW 


31-20 Reserved always reads 0 
19-0 V-Reference Start Address (quadword aligned) 


Port 2297-2294 — MC Dis 


31-20 Reserved 
19-0 Y Address Offset 
Y address offset (quadword aligned) of first display 
pixel relative to the first pixel (top left hand corner) 
of the picture. 


Port 229B-2298 — MC Dis 


31-20 Reserved 
19-0 U Address Offset 
U address offset (quadword aligned) of first display 
pixel relative to the first pixel (top left hand corner) 
of the picture. 


Port 229F-229C — MC Dis 


31-20 Reserved 
19-0 V Address Offset 
V address offset (quadword aligned) of first display 
pixel relative to the first pixel (top left hand corner) 
of the picture. 


Port 22A0 — MC H Macroblock Count ............ccsesccssossees RW 
7-0 Number of Horizontal Macroblocks 

Port 22A2 —MC V Macroblock Count .............ccssssssssssees RW 
7-0 Number of Vertical Macroblocks 

Port 22A5-22A4 — MC Frame Buffer Y Length.............. RW 


15-0 Number of Pixels in a Y Frame 
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Port 22AB-22A8 — Color Palette Entries .................c0sesee RW 
Port 22B3-22B0 — SP BUFO Pixel Start Address ............ RW 
Port 22B7-22B4 — SP BUF 1 Pixel Start Address ............ RW 


Port 22BB-22B8 — SP BUFO Command Start Address .. RW 


Port 22BF-22BC — SP BUF1 Command Start Address .RW 


Port 22C1-22C0 - SP Y Dis 


lay Offset 


Port 22D0 — Digital TV Encoder Control 


Port 22D3-22D1 — Digital TV Encoder CFC 
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VGA Registers 


VGA Standard Registers - Introduction 


The standard VGA register set consists of five sets of indexed 
registers plus several individually addressed registers. All 
VGA registers are addressed at specific I/O port addresses 
defined by the VGA legacy standard. 


The non-indexed registers (also called the “Status / Enable” 
registers) are: 


Input Status RegisterO Read at 3C2 

Input Status Register 1 Read at 3BA or 3DA 
Miscellaneous Register Read at 3CC, Write at 3C2 
Video Subsystem Enable Read/Write at 3C3 
Display Adapter Enable Read/Write at 46E8 


The indexed register sets each control different functional 
blocks inside the hardware VGA logic. These register sets 
are: 


Attribute Controller 21 registers (O-14h) at 3CO/1 


Sequencer 5 registers (0-4h) at 3C4/5 
Graphics Controller 9 registers (0-8h) at 3CE/F 
CRT Controller 25 registers (0-18h) at 3x4/5 
RAMDAC 256 24-bit registers at 3C7-3C9 


Indexed registers typically require two sequential port 
addresses, the first of which is the index and the second of 
which is the data. In other words, the index is written to the 
first port address and then the data corresponding to that 
indexed register is read from or written to the second port 
address. The exceptions to this are the Attribute Controller 
and the RAMDAC. For the Attribute Controller, the index is 
written at 3CO as expected. Data reads (but not writes) can be 
performed from port 3C1 in the standard way. However, 
generally most data read and all data write operations use the 
same 3CO port as used for the index. Data and address are 
accessed on alternate operations to 3CO with an internal flag to 
keep track of where the next operation is to be performed 
(reads from 3BA or 3DA reset the flag to point at the index 
register). The other exception to the 2-port index/data 
structure is the RAMDAC which uses three port addresses. In 
this case, there are two locations provided for the index, 3C7 
and 3C8, with the data at 3C9. There is actually only one 
index register, but automatic pre / post incrementation is 
performed differently depending on whether the index is 
written at the “Read” address (3C7) or the “Write” address 
(3C8). The current index value may be read at 3C8. Refer to 
the RAMDAC register group for further explanation of the 
operation of the index registers and sequential access to the 
three data bytes of each indexed data location. 


The number of registers listed above for each indexed register 
group is the number of registers defined by the VGA standard. 
The operation of these “base” registers will always be exactly 
the same from one vendor’s implementation of the VGA to 
another. Typically, however, there are additional non- 
standard / extended functions implemented in higher 
numbered index values. That is the case for this chip as well, 
where extended functions are provided in all indexed register 


Revision 1.82 October 22, 2001 


VT8601A Apollo PLE133 


groups except the Attribute Controller (due to the unusual 
nature of Attribute Controller indexing using a single I/O port 
which makes access to this register group more cumbersome). 
This document will detail the functions of all the standard 
VGA registers first. All extended functions will then be 
separately documented in following sections. 


Regarding notation used in this document, indexed registers 
(including extended registers) may be referenced using a 2- 
letter mnemonic from the following table followed by the 
index number: 


Attribute Controller AR 
Graphics Controller GR 
CRT Controller CR 
Sequencer SR 


For example, index register 26h of the 3CE / 3CFh indexed 
register group could also be referred to as GR26. Bit-7 if this 
register, using this notation, would be GR26[7]. 


Register groups, for the most part, are included in this 
document in order by I/O port address. Some registers are 
included out of order with other registers in the same 
functional block. Refer to the table of contents and the 
register summary tables at the beginning of the register section 
of this document for further information and help in finding 
descriptive information for a specific register. 


For standard VGA registers, primarily only the bit definitions 
are provided here. Since the operation of these bits was 
standardized long ago, full explanation of the operation of 
these bits is not provided in this document. Detailed 
explanation of these bits is provided by many fine indiustry 
publications (check your local computer book store or the 
internet for further information). 


VGA Registers 


Attribute Controller Registers (AR) 


For this indexed register group, the index is accessed at 3CO as 
expected. | However, although data operations can be 
performed using port 3C1 in the standard way, data is 
generally accessed at 3CO as well. In other words, data and 
address are accessed on alternate operations to 3CO with an 
internal flag to keep track of where the next operation is to be 
performed. The state of the internal flag may be read back in 
the extended registers (see CR24). To set the internal flag to 
select the index (i.e., to set the flag so that the next access to 
port 3COh points to the index register), read port 3BAh or 
3DAh (depending on the state of the color / mono bit in the 
Miscellaneous Output Register at 3C2[0]). Attribute 
Controller register data may be read at 3C1 (the internal flag is 
not toggled) but must be written at 3CO. 


Port 3C0 — VGA Attribute Controller Index................0 RW 


7-6 Reserved 


5 Palette Address Source 
4-0 Attribute Controller Index 
Only the lower 5 bits are implemented to allow 
access to Attribute Controller registers 0-14h. 
Port 3C0/3C1 Index 0-F — Attr Ctrlr Color Palette........ RW. 


7-6 Reserved 
5-0 Color Value 


always reads 0 


Port 3C0/3C1 Index 10 — Attr Ctrlr Mode Control........ RW 
7 P5/P4 Select 
6 ~~ Pixel Width 
5‘ Pixel Panning Compatibility 
4 ‘Reserved  ssccosicwhiseisandiiis always reads 0 
3 Select Background Intensity or Enable Blink 
2 Enable Line Graphics Character Mode 
1 Display Type 
0 Graphics / Text Mode 
Port 3C0/3C1 Index 11 — Attr Ctrlr Overscan Color.....RW 


7-0 Overscan Color 


Port 3C0/3C1 Index 12 — Attr Ctrlr Color Plane Ena....RW 
7-6 Reserved 
5-4 Video Status Mux 
3-0 Color Plane Enable for Color Planes 3-0 


always reads 0 


Port 3C0/3C1 Index 13 — Attr Ctrlr H Pixel Panning ....RW 
7-4 Reserved always reads 0 
3-0 Horizontal Pixel Pan 


Port 3C0/3C1 Index 14 — Attr Ctrlr Color Select 


7-4 Reserved 
3-0 Color Select Bits 7-4 


always reads 0 
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VGA Status / Enable Registers 
Port 3C2 — VGA Input Status 0 


7 ~ Vertical Retrace Interrupt Pending 
6-5 Reserved 

4 Switch Sense 
3-0 Reserved 


Port 3xA — VGA Input Status 1 


This register is accessible at either 3BA or 3DA (shorthand 
notation 3xA) depending on the setting of Miscellaneous 
Output Register at 3C2[0]. 


7-6 Reserved oii. eeeeeeeeeseeeeeeeeeees always reads 0 
5-4 Diagnostic 
3 -Vertical Retrace 
2-1 Reserved oie eeeeseeseeeeeeees always reads 0 
0 Display Enable (Inverted) 


Port 3C2 — VGA Miscellaneous Output Register (Write)WO 
Port 3CC — VGA Miscellaneous Output Register (Read)RO 


7 Vertical Sync Polarity 

6 Horizontal Sync Polarity 

5 Page Bit for Odd / Even 

4 Reserved  cvicsisechiiacedieshen always reads 0 

3-2 Clock Select 

1 Enable RAM 

0 IO Address Select 
0 CRTC registers at 3Bx, Input Status | at 3BA 
1 CRTC registers at 3Dx, Input Status 1 at 3DA 

Port 3C3 — VGA Video Subsystem Enable.................00+ RW 


TaN RESCL VC, eeviiy essecieeisseseeessveas isde vides always reads 0 

0 Video Subsystem Enable 
Port 46E8h — VGA Display Adapter Enable.................. RW. 
7-4 Reserved ieee eeeeeeeeeeeeeeees always reads 0 

3 Display Adapter Enable 


2-0 Reserved 


VGA Registers 


VGA Sequencer Registers (SR) 
Port 3C4 — VGA Sequencer Index...............cccssscsessssssreeees RW 


7-0 Sequencer Index 
Only the lower 3 bits are implemented in a standard 
VGA to point to Sequencer registers 0-4. However, 
all 8 bits are implemented here to allow for extended 
registers up to index FF. 


Port 3C5 Index 0 — Sequencer Reset ..............sseesssssssssesees RW 


7-2 Reserved 
1 Synchronous Reset 
0 Asynchronous Reset 


7-6 Reserved 


5 Screen Off 
4 Shift 4 

3. ~Dot Clock 
2 ~~ Shift Load 
1 Reserved 
0 8/9 Dot Clocks 


7-4 Reserved 
3. Enable Map 3 
2 Enable Map 2 
1 Enable Map 1 
0 Enable Map 0 


Port 3C5 Index 3 — Sequencer Character Map Select....RW 
7-6 Reserved oo..eeeeeeeeeeeseeseeseeeseeees always reads 0 
5 Character Map Select A 
4 Character Map Select B 
3-2 Character Map Select A 
1-0 Character Map Select B 


Port 3C5 Index 4 — Sequencer Memory Mode................ RW 


7-4 Reserved oo. eeeeeeeeseeseeeeeees always reads 0 
3. Chain 4 
2 Odd/ Even 
1 Extended Memory 
O Reserved seis ccicseccceice in always reads 0 
Revision 1.82 October 22, 2001 -70- 


VT8601A Apollo PLE133 


VGA RAMDAC Registers 


Port 3C6 — VGA RAMDAC Pixel Mask...............cccsessseee RW 
7-0 Palette Address Mask 


Port 3C6 — VGA RAMDAC Command ........+++-s0000++10000+ RW. 
This register is a non-standard VGA register (“extension 
register”) located at the same port address as the VGA 
RAMDAC Pixel Mask register. In order to maintain 
compatibility with standard VGA operations, access to this 
register is restricted: access is enabled by performing four 
successive accesses to the Pixel Mask register at 3C6 (i.e., 
read 3C6 four times). 


7-4 Color Mode Select 
0000 Pseudo-Color Mode ..........ccsecesceesereeees default 
0001 Hi-Color Mode (15-bit direct interface) 
0010 Muxed Pseudo-Color Mode (16-bit pixel bus) 
0011 XGA Color Mode (16-bit direct interface) 
O1xx -reserved- 
10xx -reserved- 
1100 -reserved- 
1101 True Color Mode (24-bit direct interface) 
111x -reserved- 
3 Reserved: sues .ccasctiietnindi iawn always reads 0 
2 DAC Disable 
0 DAC On (if SR20[0] = 1)... ee default 
1 DAC Off 
1. Reserved.  2ss..cecinwaeghieeaus always reads 0 
0 RAMDAC Enable 
0 Disable (Bypass) RAMDAC... default 
1 Enable RAMDAC 


Port 3C7 — VGA RAMDAC Read Index .................eseeeee WO 
Port 3C8 — VGA RAMDAC Write Index.................ses0 WO 
Port 3C8 — VGA RAMDAC Index Readback.............0000 RO 


7-0 RAMDAC Index 


Port 3C9 Index 0-FF — RAMDAC Color Palette............ RW 


7-0 RAMDAC Color Data 
There are 768 data entries in the palette consisting of 256 
three-byte entries. R, G, and B 8-bit values are accessed on 
successive operations to this port with the index 
autoincremented after every 3 accesses. Refer to a VGA 
programmers guide for further information. 


VGA Registers 


VGA Graphics Controller Registers (GR) 
Port 3CE — VGA Graphics Controller Index 


DT RESERVCD —isecsesccssscosccosessecsvesesesoancosss always reads 0 
6-0 Graphics Controller Index 
Only the lower 4 bits are implemented in a standard 
VGA to allow access to Graphics Controller registers 
0-8. However, 7 bits are implemented here to allow 
for extended registers up to index 7F. 
Port 3CF Index 0 - Graphics Controller Set / Reset ......RW 


7-4 Reserved 
3-0 Set / Reset Planes 3-0 


Port 3CF Index 1 —- Graphics Controller Set / Reset EnaRW 


7-4 Reserved 
3-0 Enable Set / Reset Planes 3-0 


always reads 0 


Port 3CF Index 2 — Graphics Controller Color CompareRW 


7-4 Reserved 
3-0 Color Compare Planes 3-0 


always reads 0 


Port 3CF Index 3 —- Graphics Controller Data Rotate....RW 
7-4 Reserved always reads 0 
3.‘ Function Select 
2-0 Rotate Count 


Port 3CF Index 4 - Graphics Ctrlr Read Map Select ....RW 
7-2 Reserved always reads 0 
1-0 Map Select 
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Port 3CF Index 5 — Graphics Controller Mode 


Fe  RESOKVEd: esssicsscesscscsacectescossvessesevvevs always reads 0 
6 256 Color Mode............... cee ceeeeseeeeeetetees default = 0 
5 —s- Shift Register... eeeeeeeeeeeeeneees default = 0 
rR Ot (0 8 Oh (2 | rer default = 0 
Rs C200 AY C0 ( default = 0 
2. GRESErVed sci cisececsceeetsihecepevied always reads 0 
1-0) = Write Mode o.00..... eee eeceeeeereeteeeeeeeneees default = 0 


Port 3CF Index 6 — Graphics Controller Miscellaneous RW 
7-4 Reserved always reads 0 
3-2 Memory Map 

1 Chain Odd Maps to Even 
0 Graphics Mode 


Port 3CF Index 7 —- Graphics Ctrlr Color Don’t Care... RW 
7-4 Reserved always reads 0 
3-0 Color Don’t Care Planes 3-0 


Port 3CF Index 8 — Graphics Controller Bit Mask 


7-0 Bit Mask 


VGA Registers 


VGA CRT Controller Registers (CR) 
CRTC registers are accessible at either 3B4 / 3B5 or 3D4 / 


3D5 (shorthand notation 3x4 / 3x5) depending on the setting 
of Miscellaneous Output Register 3C2 bit-0 


Port 3x4 —- VGA CRT Controller Index 


7-0 CRT Controller Index 
Only the lower 5 bits are implemented in a standard 
VGA to allow access to CRTC registers O-18h. 
However, all 8 bits are implemented here to allow for 
extended registers up to index FF. 


Port 3x5 Index 0 - VGA CRTC —- H Total 
7-0 Horizontal Total 


Port 3x5 Index 1 - VGA CRTC —- H Display Ena End...RW 
7-0 Horizontal Display Enable End default = 0 


Port 3x5 Index 2- VGA CRTC —- H Blank Start 
7-0 Horizontal Blanking Start 


Port 3x5 Index 3 - VGA CRTC — H Blank End.............. RW 


4  ROSQrVed )  ssscnsicsivinetieicsisiiinieicsn always reads 0 

6-5 Display Enable Skew ............... eee default = 0 

4-0 Horizontal Blanking End..........000000000.. default = 0 

Port 3x5 Index 4 —- VGA CRTC — H Retrace Start......... RW. 

7-0 Horizontal Retrace Pulse Start......... default = OFFh 

Port 3x5 Index 5 —- VGA CRTC — H Retrace End .......... RW. 

7 Horizontal Blanking End. .........0....000000... default = 0 

6-5 Horizontal Retrace Delay................0...... default = 0 

4-0 Horizontal Retrace Pulse End ................. default = 0 

Port 3x5 Index 6 — VGA CRTC — V Total.................000+ RW 

7-0 Vertical Total 0.0.0.0... cccececeeeeeeeereee default = 0 

Port 3x5 Index 7 —- VGA CRTC — Overflow...............0+ RW. 

7 Vertical Retrace Start Bit-9 oo. default = 0 

6 Vertical Display Enable End Bit-9.......... default = 0 

5 — Vertical Total Bit-9 0.0.0.0... ee default = 0 

4 Line Compare Bit-8 «0.0.00. default = 0 

3 =~ Vertical Blank Start Bit-8 «0.000.000.0000. default = 0 

2 Vertical Retrace Start Bit-8 ...........0000... default = 0 

1 Vertical Display Enable End Bit-8.......... default = 0 

0 Vertical Total Bit-8 «0.00.0... ee default = 0 

Port 3x5 Index 8 - VGA CRTC -— Preset Row Scan....... RW 

D “RES€RVEO) | cictisscistines chevcdecssactesraioreeee always reads 0 

6-5 Byte Panning ..00...... eee eeeeeeteeeeeeeeees default = 0 

4-0 Preset Row Scan..........ccccccccccccececeeseeeeeeeee default = 0 

Port 3x5 Index 9 —- VGA CRTC — Max Scan Line.......... RW. 

7 200 to 400 Line Conversion...................... default = 0 

6 Line Compare Bit-9 .00... eee default = 0 

5 ‘Vertical Blank Start Bit-9 0.0000... default = 0 

4-0 Maximum Scan Line.........0000000 ee default = 0 
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Port 3x5 Index A —- VGA CRTC - Cursor Start............. RW 
76 Reserved 4.0:ic0-d6sctncinecencescss always reads 0 

5 Cursor On/Off scctcccccciceecnia default = 0 
4-0 Cursor Row Scan Start ............... ee default = 0 
Port 3x5 Index B — VGA CRTC - Cursor End............... RW 
YT ROSerVved sissies ncciiividseorseiicanstesesncts always reads 0 
6-5 Cursor Skew... ecccceccccesseeeeseeessneeseeees default = 0 
4-0 Cursor Row Scan End...................::0e default = 0 


Port 3x5 Index C /D — VGA CRTC Start Addr Hi/Lo..RW 


Ccactteuctactuseas citadel suscasvaniter ce cau default = 0 

Port 3x5 Index E / F —- VGA CRTC Cursor Loc Hi/Lo..RW 
bedleseeautat vad vercuieeeeicanactdp default = 0 

Port 3x5 Index 10 —- VGA CRTC - V Retrace Start....... RW 
7-0 Vertical Retrace Pulse Start .................... default = 0 
Port 3x5 Index 11 —- VGA CRTC - V Retrace End ........ RW 
7 CRO-7 Write Protect...............0cc cece default = 0 

G- Reserved. siccsesieccisessentiecavess: always reads 0 

5 ~~ Vertical Interrupt Enable ...........00000000... default = 0 

4 Vertical Interrupt Clear... default = 0 
3-0 Vertical Retrace Pulse End...................... default = 0 
Port 3x5 Index 12 — VGA CRTC - V Display Ena End. RW 
7-0 Vertical Display Enable End ................... default = 0 
Port 3x5 Index 13 — VGA CRTC -— Offset ...............seeeeee RW 
7-0 Display Screen Logical Line Width ........ default = 0 


Port 3x5 Index 14 - VGA CRTC —- Underline Location RW 


TP ROES€P VE eesisicsncesecessacesccescsssscasteaveesd always reads 0 
6 Double Word Mode...........0.... cee default = 0 
5 Count BY 4. ciesccccccscsiicnsscesssessssreantesnonse default = 0 
4-0 Underline Location .......00.00 ee default = 0 
Port 3x5 Index 15 - VGA CRTC - V Blank Start.......... RW 
7-0 Vertical Blanking Start .....00000 ee default = 0 
Port 3x5 Index 16 - VGA CRTC - V Blank End............ RW 
7-0 Vertical Blanking End.........0000000 ee default = 0 
Port 3x5 Index 17 - VGA CRTC —- Mode Control.......... RW 
7 Hardware Rese................:ccscceeeeeteeeeeeeneees default = 0 
6 Word / Byte Mode................ccceeeeeeeeeee default = 0 
5 = Address Wrap .............ccescesceeseeeeeeeeeeeeneees default = 0 

4 VSYNC Update Select (VGA Extended Capability) 
0 Base may only be updated during Vsync.....def 

1 Base address may be updated during Hsync 

3 © Count By 2 scccvscssndedioscentecadtitecess default = 0 
2  Horizzontal Retrace Select..........00000000... default = 0 
1 Select Row Scan Counter... default = 0 
0 Compatibility Mode Support .................. default = 0 


VGA Registers 


VGA Extended Registers 


VGA Extended Registers — Non-Indexed I/O Ports 


Port 3D8 — Alternate Destination Segment Addr............ RW 


TF  RES€KVED) wv cncessccseeccstievetevs cesntevieeesecss always reads 0 
6-0 Alternative Destination Segment Address.. def = 00 
Read / write of this register is enabled by GRF[2]. 
This register becomes active when GR6[3-2] are not 00. 


7 Reserved 


6-0 Alternative Source Segment Address ......... def = 00 
Read / write of this register is enabled by GRF[2]. 
This register becomes active when GR6[3-2] are not 00. 
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Port 3xB — Alternate Clock Select ............-::sscssseseseseseeeee RW 
3xB notation indicates that this register is accessible at either 
3BB or 3DB depending on the setting of the color / mono bit. 
7-5 New Mode Control Register Bits 3-1.......... def = 00 
These bits have the same function as SRD[3-1] 
A-2 “ReS@rved  g.tiichcdeeesivecteesie ces daseeesaee always reads 0 
1-0 Video Clock Select... eee def = 00 


VGA Extended Registers 


VGA Extended Registers — Sequencer Indexed 


SRS — Old / New Status ..........scssscsrsrsrsersscsssrecssssessseessseres RO) 
7  Old/ New Status (see SRB, SRC, SRD, SRE, GRE) 
QO. Olds cesiescenicidientiusheciden ened savetveeveess default 
1 New 
6 Interlace Scan Field 
QO: Odd) seccsssecshicisciasiasibestissatced ates cciakes default 
1 Even 


5S. RESERVED cseciseccssecssisevecciscsetssseceaavouss always reads 0 
4 Command FIFO Empty 
Qi. SEMPEY ieescicscnerssicscensdssinazecessacvapeeceens Hines default 
1 Not Empty 
3-0 Reserved 


SRB — Version / Old-New Mode Control .............sscccccccees RW 


7-0 Graphics Controller Version # ......always reads F3h 
A write to this register will change the Old / New Mode 
Control registers (SRD, SRE, and GRE) to the “old” 
definition. A read from this register will change the Old / 
New Mode Control registers to the “new” definition. 


SRC — Configuration Port 1 .............ccccccccsssssssssssssscssesseees RW 


Access to this register is enabled by SRE_Old[5] = 1 (“Select 
Configuration Port |”) and writes are enabled by SRE_New[7] 
= 1 (Configuration Port Write Enable’). 


7 “Reserved. sisscssviiesdcictevassveersics cases always reads 1 
6 Memory Bus Width 
0 32-bit Memory Bus... eee default 
1 64-bit Memory Bus 
Note: Although the PLE133 integrated graphics 
controller does not control memory directly (the 
system memory controller is used to access graphics 
memory as a portion of system memory), some 
functional blocks in the graphics controller (such as 
video) use this bit to manage their data bus widths. 
5S “Reserved | .2incisieiniiweniativais always reads 1 
4 Video Subsystem Enable 


0 46E8 

VY BOB Secckivetiesiis ite ieend oeabiietasencs default 
3. Video BIOS Size 

Q: OAK.  soeckciccéscrciis tescidpaeceaccadecveanaisasessusente default 

1 32K 


2-0 Reserved 


SRC — Configuration Port 2 ............ccccccccscsssssssssssssscssesseees RW 


Access to this register is enabled by SRE_Old[5] = 0 (“Select 
Configuration Port 2”) and writes are enabled by SRE_New[7] 
= 1 (Configuration Port Write Enable’). 


7-0 Reserved for BIOS 
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SRD — Mode Control 2 (OI) ............cccccssosssssssssesssssesercees RW 


7-6 Reserved oui. eeeeeeeseeseeeeeeees always reads 0 
5 Reserved oe eeesecesseeesseeeeseeeeeee always reads 1 
4: (Reserved « -<.c/cigeiciimantsias always reads 0 
3. CPU Bandwidth Select 
Qi Normal es. 5ccicos; codecs ceacatecstienareerivanrtectiv att default 
1 Non-interrupted CPU access during VBLANK 


220 RESCrVEd aitesieessdeesdssesesecessscavsnsenoess always reads 0 


SRD — Mode Control 2 (New) ..........sscssssssssssssssssssssccsssscees RW 


7-4 Display FIFO Memory Request Threshold Ctrl 
0000 Empty 0 level 
0001 Empty 4 level... eeeeeeeeeeereees default 
0010 Empty 8 lrevel 
0011 Empty 12 level 
0100 Empty 16 level 
0101 Empty 20 level 
0110 Empty 24 level 
0111 Empty 28 level 
1000 Empty 32 level 
1001 Empty 36 level 
1010 Empty 40 level 
1011 Empty 44 level 
1100 Empty 48 level 
1101 Empty 52 level 
1110 Empty 56 level 
1111 Empty 60 level 
3 RES€RVEd © sessicicicsciceiis checeurrazesccedgesoone always reads 0 
2-1 Video Clock Divide 
O00 Divide by Looe eeeeeeeeeeeees default 
O01 Divide by 2 
10 Divide by 4 
11 Divide by 1.5 
OD RESERVED ccsseticseesctiiecdeteuseazesceedgesoone always reads 0 


VGA Extended Registers 


SRE — Mode Control 1 (Old 


~ CROServed anesissiietscteteaniscssicises always reads 1 
6 IRQ Polarity Select 
O Active High... eee eeeeeeereees default 
1 Active Low 
5 Configuration Port (SROC) Select 
0 Select Port 2 
1 Select Port 1 wc... eesccsssscssssecsssccessceessces default 
4 Reserved © cscs nicnwniensisiiis always reads 0 
3 Memory Bus sici.:2i3..icc euciinniiaciiiaiond RO 
0 8-bit 
TVG Bi iscsccieesssscscecasssciasscoseassenes always reads 1 
2-1 256K Bank Select 
OO Bank Osc cites onsds nescence eee default 
Ol Bank 1 
10 Bank 2 
11 Bank 3 
Note: an inverted value will be written to bit-1 
These bits (and 3C2[5]) are write enabled when 
GRO06[3-2] = 00. 3C2[5] is used as a page select to 
select one of the two 64KB pages. 
0 RAMDAC Pixel Clock Invert 
OF (Normal scccssesc. dscvecossecrosiaes sat entatieassixeaedies default 
1 Invert pixel clock to RAMDAC 
SRE — Mode Control 1 (New)............sccssresssccsscssscsssrsesesees RW 


7 


Configuration Port Write Enable 
0 Write Protect 
1 Write Enable 
Ports effected: SRC, SRF, CR28-2A, SRE New[6-4] 
(this register), and SR10[0] 
CPU Bandwidth Select for Text Mode 


Q 132-Column Text 

T (Other Text acckcsscccstesiccessescdstesencscsecsastents default 
64K Bank Select default = 0 
Bit-1 should be inverted when performing writes 
These bits are enabled when GRO06[3-2] are written 
with any value other than 00. 


5-0 
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SRE — Power-up Mode 2..............sccssccssscssscssscsscescssscseessees RW 
This register is write protected by SRE_New[7]. 
TD RESCPVCd.  xiscssscssicssssesssessoasoscxnscaessess always reads 1 
6 BIOS Control 
0: Disabled :..sc:cnineiakinnieiasinal default 
1 Enabled 
5 —— Palette Mode 
0 Master Abort Mode 
1 Intel Retry Mode... cesscssesssssssesseeees default 
4 Linear / Bank Addressing Control 
0 Linear Only 
1) Linear / Bank .........ecssescccscsesccreeceesceees default 
3-0 Reserved for BIOS...............sscsssescseeee default = 1111 
SR10 - VESA ™ Big BIOS Control .................ssccssssesssees RW 


Extended VESA™ Big BIOS Enable 
0 Disabled 

1 Enabled 
Video Address Select 
00 AOQOO0-A7FFF.............cc:ccccccccessecesseeeeeees default 


Ol -reserved- 

10 BO0O00-B7FFF 

11 B8000-BFFFF 
These bits are decoded from GR6[3-2] 
Reserved 
Page Select 

0 Select the original CO000-C7FFF access .....def 

1 Select extended access defined by bits 6-5 
Bit-0 of this register is write protected by SRE_New/[7]. 


4-1 always reads 0 


SR11 - Protection 
7-0 Register Protection Enable default = 00 
87 Unprotect all extended registers except those 
which may still be protected by SRE_New[7] 
Unprotect all extended registers independent 
of SRE_New[7] 
If any value other than the ones listed above is 
programmed into this register, all extended registers 
will be write protected. 


92 


SR12 - Threshold 

7-4 Queue Threshold Playback and Capture..... def = 2 
Threshold of the display queue when both playback 
and capture are enabled (for definition see SRD.new). 
Queue Threshold Playback or Capture........ def = 1 
Threshold of the display queue when either playback 
or capture are enabled (for definition see SRD.new) 
The old threshold is used when neither playback nor capture is 
enabled. All three thresholds cannot be set to 0. Other 
definitions are the same as the original. 


3-0 
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Graphics Clock Synthesizer Control 


SR18 — VCLK1 Frequency Control 0 ..............scscssssssseeees RW 


7-0 VCLK1 Frequency Generator Numerator.....def=0 


SR19 — VCLK1 Frequency Control 1 ..............scccssssssseeees RW 


7-6 VCLK1 Frequency Generator K-Factor........ def=0 
5-0 VCLK1 Frequency Generator Denominator . def=0 


SR1A — VCLK2 Frequency Control 0.............ccccsssssssseeees RW 


7-0 VCLK2 Frequency Generator Numerator.....def=0 


SR1B — VCLK2 Frequency Control 1..............cccsssccsssssees RW 


7-6 VCLK2 Frequency Generator K-Factor........ def=0 
5-0 VCLK2 Frequency Generator Denominator . def=0 


SR20 — Clock Synthesizer / RAMDAC Setu 


7 Reserved 


6 Multiplex Mode Sync Mechanism 


0 
1 


1 


Normal Mode....... 


Enable synchronization in multiplexed mode 
for high VCLK tracking 
5 Simultaneous VAFC and Playback 

0 Simultaneous VAFC / playback display.default 


Playback only 


4 VAFC and Playback Display Overlay 


0 
1 


VAFC is on top.... 
Playback is on top 


3 DAC Test Mode 


0 
1 


Disable ...............65 


Enable 


2 Video Mode 


0 

1 

1-0 
x0 

xl 

Ox 

1x 


Disable ..............065 


Enable 


Video Mode Select 
5-5-5 Hi-color...... 


5-6-5 XGA-color 


duped lestectescesatseeuustenes 2 default 


sieves bsvanecaceccnenesheveveoeaess default 


sLeuasbevseecaceceneaesneesvesasees default 


satoalageas ideesacsedeosends default = 0 


Video Playback, True-color 
Video Playback, 256-color 


Table 8. Graphics Clock Frequencies — 14.31818 MHz Reference 


Denominator | Numerator Actual Expected | Frequency 
Value Value N M K Frequency | Frequency Error % 

88 3E 62 8 2 25.057 25.175 -0.0047 
89 4F 79 9 2 28.311 28.322 -0.0004 
88 SD 93 8 2 36.153 36.000 0.0043 

83 30 48 3 2 40.091 40.000 0.0023 

85 4A 74 5 2 41.932 42.000 -0.0016 
84 42 66 4 2 44.148 44.000 0.0034 
84 43 67 4 2 44.744 44.900 -0.0035 
84 48 72 4 2 47.727 48.000 -0.0057 
43 1B 27 3 1 50.114 50.350 -0.0047 
46 33 31 6 1 52.798 52.800 0.0000 
42 18 24 2 1 57.273 57.270 0.0000 
43 21 33 3 1 58.705 58.800 -0.0016 
43 23 35 3 1 61.568 61.600 -0.0005 
4A 63 99 10 1 63.835 64.000 -0.0026 
48 53 83 8 1 65.148 65.000 0.0023 

46 43 67 6 1 67.116 67.200 -0.0012 
44 33 51 4 1 70.398 70.400 0.0000 
44 34 52 4 1 71.591 72.000 -0.0057 
42 22 34 2 1 75.170 75.000 0.0023 

44 39 57 4 1 77.557 77.000 0.0072 
44 3B 59 4 1 79.943 80.000 -0.0007 
44 42 66 4 1 88.295 88.000 0.0034 
44 44 68 4 1 90.682 90.000 0.0076 
44 4A 74 4 1 97.841 98.000 -0.0016 
04 22 34 4 0 100.227 100.000 0.0023 

07 3C 60 vi 0 108.182 108.000 0.0017 

02 19 25, 2 0 118.125 118.000 0.0011 

03 22 34 3 0 120.273 120.000 0.0023 

05 3A 58 >) 0 135.000 135.000 0.0000 
05 4B 75 5 0 169.773 170.000 -0.0013 
0S 5A 90 5 0) 200.455 200.000. 0.0023 


The clock frequency can be derived by multiplying t 
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VGA Extended Registers 


Graphics Signature Analyzer Registers 


SR21 — Signature Control............ccccccccccsscssssssssssescsssssesseees RW 


7 Signature Generator Enable 
0 Disable (readback 0 indicates done)...... default 
1 Enable (readback 1 indicates busy) 

6 Signature Source Select 


Oo TV PCR Ty ciceccciksssicseissaverstentieeesenaeeet default 

1 LCD 
5-0 Bit Select (oo... cscceeeeeeseseeenees default = 0 
SR23-22 — Signature Data...........ccccccccssssssssssscssscsssssesesseees RO 


15-0 Signature Data 


Graphics Power Management Control Registers 


SR24 — Power Management Contr .............sssccsessssseseeees RW 


7 RAMDAC Clock During RAMDAC Powerdown 
QO VASTS: MA Z: si csccees cits ccssccdcceis adecsececesteos default 
1 14.31818 MHz divided by 2 
6 Enable VCLK2 VCO Directly 
(without warmup sequence) 
0 Enable 
1) Don’t Enable wee eeeeeseeseeeeeeeeeees default 
5-4 Clock Input Divisor 
Divisor for 14.318 MHz clock input to MCLK to 
drive DRAM refresh cycles in power managed 
modes. 
OO 1 saraideecideiees artes iets default 


11 8 
3. Power Management Slow MCLK 
0 Use divided MCLK during standby & 
suspend 
1 Use MCLK during standby & suspend........ def 
2 Enable MCLK VCO Directly 
(without warmup sequence) 
0 Enable 
1 Don’t Enable... esscssstcsssesssssseeseeees default 
1 Enable MCLK VCO Directly 
(without warmup sequence) 
0 Enable 
1 Don’t Enable uu... esssssssscssseseessseeneeees default 
0 DAC Power 
0 Off 
1 On 


a dbessuuastevceectacseessueeseseieustiascaedetesense default 
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Graphics Connector Control Registers 


SR25 — Monitor Sense.............cccccccssssssssssssssssssssssscescessesees RO 


TS TROSGRVEO: tein sees he esseeens casieseecriees always reads 0 
2-0 Monitor Sense Result: [red, green, blue] 


SR37 — Video Key Mode RW 
O° INoritnall eisccoscccsteveciecdcseecsiedacedescdbensvesedgese default 
1 Inverted 


6 Signal Output (AFC Processing) 
0 Signal output is sent before AFC processingdef 
1 Signal output is sent after AFC processing 
5-4 Feature Connector Input Pixel Clock Tuning 


OO. OMS .cisecevckisceescseteessetteivecedes condeaeeereed default 


11 12 ns delay of pixel clock with respect to data 

3-0 Overlay Key Type 

0000 VGA Port Only oo... eee eeeeee eee eeeee default 

0001 Color Key & Video Key 

0010 Color Key & not Video Key 

0011 Color Key 

0100 Not Color Key & Video Key 

0101 Video Key 

0110 Color Key XOR Video Key 

0111 Color Key | Video Key 

1000 Not Color Key & Not Video Key 

1001 Color Key XNOR Video Key 

1010 Not Video Key 

1011 Color Key | Not Video Key 

1100 Not Color Key 

1101 Not Color Key | Video Key 

1110 Not Color Key | Not Video Key 

1111 Video Port Only 


SR38 — Advanced Feature Connector (AFC) Control ... RW 
TW RROSOPVE vesssdcncvacoentiesiieretetrieiesyedss always reads 0 


6 DCLK Rate (set after other bits for syncronization) 
0)! (POLK eos toedienseedivitveenigee i tusdeice eee: default 


5 DCLK Phase Select (if bit-6 = 1) 
0 180 degree phase shift 0.0. default 
1 In phase 

4 DCLK Output Polarity 
0 Normal when bit-6 = 0.00... eeeeeeees default 
1 Inverted 

3. VCLK Input Polarity 
Oe: INorinnall feces casita is cviiessstdesceetiartedisntiss default 
1 Inverted 

2-1 Reserved oo... eeeeeeeeeseeneereeees always reads 0 

0 Pixel Data Bus Output Enable Control 
0 Disable Output Drive... eee default 
1 Disable drive only when EVIDEO# is low 


VGA Extended Registers 


Graphics Playback Control Registers 


SR52-50 — Playback Color Key Data..............ssscscsssssssssees RW 


23-16 Playback Color Key for True Color Mode 
15-8 Playback Color Key for High Color Mode 
7-0 Playback Color Key for 256 Color Mode 


SR56-54 — Playback Color Key Mask 


23-16 Playback Color Key Mask for True Color Mode 
15-8 Playback Color Key Mask for High Color Mode 
7-0 Playback Color Key Mask for 256 Color Mode 


SR57 — Playback Video Key Mode Function................06 RW 


7-0 Overlay Key Type 
Defines all 256 defferent types of mixing among 
VGA Color Key, Playback Window Key, and Video 
Chroma Key (very similar to ROP3 code). Below 
are some common combinations: 

00 VGA Port Only 

Color Key Only 

Playback Key Only 

Chromakey Only 

Playback Key & Chromakey 

Colorkey & Playback Key 

Colorkey & Playback key & Chromakey 

Video Port Only 


Graphics BIOS Scratch Pad Registers 


SRSA — Scratch Pad 0. ............scccscccssssccccsresescccscccscsssesesenese RW. 
SRS5B — Scratch Pad 1 .............ccscscsscsescsescsrsccrsesssessescseeeee RW 
SRSC — Scratch Pad 2 ............scccscccssescsccresesesesscescssccseseeese RW 
SRSD — Scratch Pad 3. .............scccscccssssscsscresescccsscessssscsesenese RW. 
SRSE — Scratch Pad 4 ............sscccsccsscssscscccsssesesscsssosseseseoess RW 
SRSF — Scratch Pad 5.............scccscssssssccsssscsssesessessscessceseeees RW. 
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Graphics Second Playback Control Registers 
SR62-60 — 2™ Playback Color Key Data 


23-16 Playback Color Key for True Color Mode 
15-8 Playback Color Key for High Color Mode 
7-0 Playback Color Key for 256 Color Mode 


SR66-64 — 2™ Playback Color Key Mask.......s.ssssssssesees RW 


23-16 Playback Color Key Mask for True Color Mode 
15-8 Playback Color Key Mask for High Color Mode 
7-0 Playback Color Key Mask for 256 Color Mode 


VGA Extended Registers 


Graphics Video Display Registers 


23-20 Reserved 
19-0 W1U-Plane FB Start Address 
When operating in planar mode, this field defines the 
frame buffer starting address for the U-plane for the 
first live video window 


SR85-83 — Window 1 V-Plane FB Start Address............. RW. 
23-20 Reserved ou... cececeeeeeeeeeeeseeneeeeeees always reads 0 
19-0 W1V-Plane FB Start Address 
When operating in planar mode, this field defines the 
frame buffer starting address for the V-plane for the 
first live video window 


SR88-86 — Window 2 Frame Buffer Start Address......... RW 


23-20 Reserved ooi.eiceeccseseeseeseeseeeeees always reads 0 


19-0 Window 2 Frame Buffer Start Address 
Frame buffer starting address for the second live 
video window (packed YUV format only) 


SR8A-89 — Window 2 Horizontal Scaling Factor............ RW 
15 W2 Horizontal Minify / Zoom Select 
OA.) 0) 00 default 
1 Minify 


Zoom Selected (Bit-15 = 0) 
14 Reserved 
13-0 W2 Horizontal Zoom Factor 
Same format as for the first live video window as 
defined in CR80 and CR81 


Minify Selected (Bit-15 = 1) 
14-13 W2 Tap 


12-10 W2 Horizontal Minify Integer (Inverter) 
9-0 W2 Horizontal Minify Factor 
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SR8C-8B — Window 2 Vertical Scaling Factor ............... RW 
15. W2 Vertical Minify / Zoom Select 
Qi LOOM isccessiheei sess sdiedessdadetvecin covbiceveseveveisssd default 
1 Minify 
14. W2 Vertical Filtering 
Os: MORE sicveceeavsseecass sees casasssveaseiavessiaderseivess default 
1 On 


Zoom Selected (Bit-15 = 0) 

13-0 W2 Vertical Zoom Factor 
Same format as for the first live video window as 
defined in CR82 and CR83 


Minify Selected (Bit-15 = 1) 
13-10 Reserved 
9-0 W2 Vertical Minify Factor 


SR90-8D — Window 2 Live Video Start .............-.sesseees RW 
31-28 Reserved 
27-16 W2 Vertical Starting Point 
15-12 Reserved 

11-0 W2 Horizontal Starting Point 


SR94-91 — Window 2 Live Video End.............cccccsscccssssees RW 


31-30 W2 Line Buffer Level Bits 8-7 (see SR95) 

29-28 Reserved vcsicissesessinessssisvessescsssersenaes always reads 0 
27-16 W2 Vertical Ending Point 

15-12 Reserved ou. eeeeeeees always reads 0 
11-0 W2 Horizontal Ending Point 


SR95 — Window 2 Live Video Line Buffer Level............ RW 


DT "RESOR VED issccseccscccctccsscdesecssccsscsesevss always reads 0 
6-0 W2 Line Buffer Level Bits 6-0 (see SR91[31-30]) 


VGA Extended Registers 


SR96 — New Live Video Window Control 0.................0++ RW 
7  W2 Horizontal Interpolation 
O Interpolation 0... eee ee eeeeseeeeee default 


1 Duplication 
6 WI Vertical Interpolation U and V Components 
Qo Enable isiai fess disecti esti eile. naineds default 
1 Disable 
This bit is effective only if window 1 vertical Y 
interpolation is enabled (CR8E[12] = 1) 
S RESCrVEd oon cissccssiesesedcitsiecdgessiisienss always reads 0 


4 656 
Q- Disabl@:.isscictiseotinnniecincimustenin default 
1 Enable 

3. W2 Color Space Converter (CSC) Bypass 
Q~. Disables. icssccicadecdissscitieiietidien testes default 
1 Enable 


2 Reserved  sscnicisndaccuennsncy always reads 0 
1 MC Even/ Odd Inverter 


QO. DisablessieccceeidsteiisscctitcateccsthesesSeseestess default 
1 Enable 
0 MC Interlace Display 
QO. “Disable esiecisccccstieesisiectstnatieeeisisbveeaies default 
1 Enable 
SR97 — New Live Video Window Control 1............+.+:eRW. 


D RESERVED) osinseesciesssdsntedenetscssneesneden scons always reads 0 
6 Planar Mode X (Horizontal) Y/UV Ratio 


is SOX, issitedinecesiecchisatectenctotscceanataceseiestae default 
1 4x 
5-4 Planar Mode Y (Vertical) Y/UV Ratio 
OO 2X (YP420) oo. eeceeeeseceneeeseetseeeeeeeeneeees default 


Ol 4x (Yp410) 
Ix 1x (Yp422) 
3S —RESEKVEU —aasesecsiseseisscnscnsosecsesesendacreaes always reads 0 


2-0 Window Mode........0.. eee default = 000b 
Format Interpolation Line Buffers 
000 YUV422 H-V (96+48) x 64 
001 Planar H-V (96+48) x 64 
Olx YUV FIFO H 96 x 64 
100 MPEG2 YUV422 H-V 2x(96+48)x64 
101 MPEG2 Planar H-V 2x(96+48)x64 


llx YUV422 H-V (V-YUV) 2x(96+48)x64 
For 1xx, only one h/w overlay window is supported 
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SR98 — New Live Video Window Control 2 ................+.. RW 
7-6 Two Live Window Chroma Key Select 

00 Chroma key only o.0... eee default 


01 Window 1 & chroma key 
10 Window 2 & chroma key 
11 (Window 1 | Window 2) & chroma key 
5-4 W1 Anti-Flicker Removal 
OO? Disable wiscicies chien cteie aches eeencuan ceeds default 
Ol One field is shifted up 1 line 
10 One field is shifted up 2 lines 
11 One field is shifted up 3 lines 
3. WI Anti-Flicker Removal Field Selection 
0 Odd field is shifted up 0... default 
1 Even field is shifted up 
2-1. W2 Anti-Flicker Removal 
OO Disable vi. cities ceca ca ctete ss enceieecceee eet default 
O01 One field is shifted up 1 line 
10 One field is shifted up 2 lines 
11 One field is shifted up 3 lines 
0 W2 Anti-Flicker Removal Field Selection 
0 Odd field is shifted up 00... default 
1 Even field is shifted up 


SR99 — New Live Video Window Control 3 ..................+ RW 
7 Reserved 
6 Capture Addres Swap Enable 


QO DISAB G so icdssessveissscieteessteaedansicaeeestevenedaceesd default 
1 Enable 
5 Capture Address Swap 
O NO SWAP uo. eeeeeeeeeeseeeeesseeeeeeeesetaeteeeaeeas default 
1 Swap 
4-2 W2HDE Delay Adjust.........0 default = 0 


1-0) Reserved oun. eeeeereeeees always reads 0 


SR9B-9A — Window 1 UV Video Row Byte Offset......... RW 


15-14 Reserved ou. eens always reads 0 
13-0 W1 UV Plane Video Row Byte Offset (the bytes in 
a row) 


SR9D-9C — Window 2 Y Video Row Byte Offset............ RW 


US-14 Reserved isicessecssesesveeeseeneieisesedoaeteosaes always reads 0 
13-0 W2Y Plane Video Row Byte Offset (the bytes in a 
row) 


SRYIE — Line Buffer Request Threshold ............s.scccccccsees RW 


PT ROSOrved — sssesisicisssessccdscesstessvcssssevsesis always reads 0 
6-0 Line Buffer Request Threshold Level .......... def = 0 


VGA Extended Registers 


SRIF — VBI Control ..........sssssscscsssrsssrssenssessecsrsnsscncsesesseree lt W. 
VBI Interrupt Status 
RESErved. vcaisscsdccecsevassssesessssecsaevecees 
VBI Bit-8 
VBIIV Bit-8 
VBI Interrupt 
OQ’ ‘Disable: sisi ieiiisckai cilia eek default 
1 Enable 
2 VBI Enable 
O°  Disabl@sias sekicisssedieieeniciisiaceai ancien default 
1 Enable 
1-0 VBI Data Format in Frame Buffer 
00 Every field data overwrite... default 
01 Data in even/odd format 
10 Every two field data write contiguous 
11 -reserved- 


wohun ~l 


SRA3-A0 - VBI Frame Buffer Addrese.............cccccccccssees RW 


31-20 VBI Row Byte Offset 
19-0 VBI Start Address 


SRA7-A4 — VBI Capture Start...........cccccccccssssssscsssssssesssees RW 


SU-27 RESEKVER © oicisnsceceucisidssoeceectadscesenacesees always reads 0 
26-16 VBI Vertical Start 
15-11 Reserved oo. eeeeeeeeeeees always reads 0 


10-0 VBI Horizontal Start 


SRAB-A8 — VBI Capture En ..............cccccccsssssssssssssceseeees RW 


31-27 Reserved oi. eeeeeeseeseeeeeees always reads 0 
26-16 VBI Vertical End 
15-11 Reserved oo. cece always reads 0 


10-0 VBI Horizontal End 
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SRAD-AC — VBI Vertical Interrupt Position ................. RW 


15 Reserved oo. eeeeseeeeeeeeeees always reads 0 
14-12 Dithering Mode 


000 
001 
010 
O11 
100 
101 
110 
111 


Bypass dithering ..........eceeseeeeeeeseeeneeeneee default 
-reserved- 

24 bpp dither to 16 bpp 

24 bpp chop to 16 bpp 

24 bpp dither to 15 bpp 

24 bpp chop to 15 bpp 

24 bpp dither to RGB8 

24 bpp chop to RGB8 


11 Capture CSC 


0 
1 


Disable xsccccieveciesieiesscetiaucchecleetitestiivectatids default 
Enable 


10-0 VINST[10-0] 


VGA Extended Registers 


SRAF-AE — Capture Row Byte Offset .............ssscsssssssseees RW 


15 Reserved 
14 Capture Address Initial Control 
13-0 Capture Row Byte 


SRB1-BO — Window 1 HSB Control .............sssssesseesseeeee RW. 
15-10 Brightness 
9-5 Sin(Hue) * Saturation * 8 (bit-9 is the sign bit) 
4-0 Cos(Hue) * Saturation * 8 (bit-4 is the sign bit) 
Hue range is 0-360 degrees (default = 0) 
Saturation range is 0-1.875 (default = 1) 


SRB3-B2 — Window 2 HSB Control ............sssessseseeseeeeee RW. 
15-10 Brightness 
9-5 Sin(Hue) * Saturation * 8 (bit-9 is the sign bit) 
4-0 Cos(Hue) * Saturation * 8 (bit-4 is the sign bit) 
Hue range is 0-360 degrees (default = 0) 
Saturation range is 0-1.875 (default = 1) 


SRB6-B4 — Second Display Address Select.............cccssees RW 


23-20 Reserved ou... cececceeeeeeeeeeseeneeeeeees always reads 0 

19-0 Second Display Address for Double Buffering 
Second display address for double buffering instead 
of capture address 


SRB7 — Video Sharpnese...........cccccccccccscscssssssssscscsssscecesceees RW 


7-0 Video Sharpness Factor 


SRBA-B8 — Second Capture Address Select............ccese-« RW 


23-20 Reserved nssiscccisessisedesstessssesssteasesses always reads 0 

19-0 Second Capture Address for Double Buffering 
Second capture address for double buffering instead 
of display address 


SRBC — Contrast Control...........ccccccssccsssssssssssssscscssssceseeees RW 


7-4 Window 2 Contrast 
3-0 Window 1 Contrast 
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SRBD — Dual View Mux Controll...............ccccsssssssssssseeeees RW 


7-3 Reserved 


Lideaivaedsaveessezserecedeivicessees ds always reads 0 


2-0 CRT/TV View Multiplexing Control 


00x Color key | determines top window (1=W1)def 
010 Video window | overlay 

011 Video window 2 overlay 

10x Window key defines window | on top 

11x Window key defines window 2 on top 


7 Planar Capture 
Os OTE > scarlet Aatedased ceeesteiets teal artnet default 
1 On 
6-5 Capture Start Address W/R Control (CR98[19- 
0)) 
Ox W/R Y address .........cccccccccesseceeeesseeeeeeees default 


10 W/RU address 
11 W/R V address 


4 Video Engine Power Saving Mode 
Os: OM. seeteccccesivads heecscuscecteceractsceetsaieeae default 
1 On 
3S (REServed  .caiiiisieiccesestaeteueesjeaees always reads 0 
2 Interpolation Bypass 
O Interpolation... eee eeeeeeeeees default 
1 Bypass 
1 Window 2 HSCB Enable 
Qe UB YPaSSisssiecsiiaicisseccebiecsasdbedaceccnssecsssescdecssas default 
1 Enable 
0 Window 1 HSCB Enable 
Qs: BY PASSirsed svsseahs she ccebiecsdeghedacscenstessadeseduasscs default 
1 Enable 
D MRSOrved isis. sscisnt ozcetatsssestsstscarveels always reads 0 
6 W2 Vertical Interpolation 
QO” Disable sc. scestecsevsstiivckes dessnes Gers cean dete default 
1 Enable 
5 Planar Mode X (Horizontal) Y/UV Ratio 
ir 2K: _, nistlienstistatsaletia linia default 
1 4x 
4-3 Planar Mode Y (Vertical) Y/UV Ratio 
OO: 2x. CY p420) isis csbscctesstessedleseneciveavcetaents default 
Ol 4x (Yp410) 
1x Ix (Yp422) 
2-0 Window Mode............... ce ceeeeeeeneeee default = 000b 
Format Interpolation Line Buffers 
000 YUV422 H-V (96+48) x 64 
001 Planar H-V (96+48) x 64 
Olx YUV FIFO H 96 x 64 
100 MPEG2 YUV422 H-V 2x(96+48)x64 
101 MPEG? Planar H-V 2x(96+48)x64 
11x YUV422 H-V (V-YUV) 2x(96+48)x64 


For 1xx, only one h/w overlay window is supported 


VGA Extended Registers 


SRD1-D0 — Window 2 UV Row Byte Offfset ..............c008« RW 


15-14 Reserved oo. eeeeeeeeeetees always reads 0 
13-0 W2 UV Plane Video Row Byte Offset (the bytes in 
a row) 


SRD4-D2 — Window 2 U-Frame Start Address............... RW. 
23-20 Reserved ou... cececeeeeeeeeeeeseeneeeeeees always reads 0 
19-0 W2U-Frame Start Address 


23-20 Reserved 
19-0 W2 V-Frame Start Address 


(see also CRDO, VGA / Digital TV Sync Control) 


15-14 Reserved oo. eeeeeeeees always reads 0 
13. DIVS I/O Control 
12 DTVI Signal Output Control, except DIVS 
(Vsync) 
11. Dual View Clock Inversion Control 
10 Dual View Clock Control for DT VI 
9 DICLK Inversion Control 
8 DIVS Inversion Control 
7 DIHS Inversion Control 
6-5 YUV Order Inversion Control 
4,1 Data Out Control 
00 VGA/ Video Overlay Data 
xl TV Data 
10 Data Direct from Video Engine 
3-0 HS/VS/CLK Control 
0000 VGAHS, VGAVS, and PCLK 
xl00 VGAHS, VGAVS, and SPKTV 
1000 VGAHS, VGAVS, and PCLK x 2 
xxxl DVHS, DVVS, and LCDCLK 
xxl0 TVHS, TVVS, and TVCLK 
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SRDB-DA — Window 2 V-Count Statu.............ccccccsssrssees RO 
15-0 W2 V Count Status 


SRDD-DC — Dual View Control ...............ccsssccccsesssrcesssees RW 
15-11 Reserved 
10-9 Dual View Control - SHIF 

8 Dual View Control - G Window Enable 


7 Dual View Control — W2 Double Buffer Enable 

6 Dual View Control — W1 Double Buffer Enable 

5 Dual View Control — W2 Address Trans Enable 

4 Dual View Control — W1 Address Trans Enable 

3. Dual View Control — Digital TV Enable 

2 Dual View Control — Digital Video LUT Write 

1 Dual View Control — Digital Video LUT Read 

0 Dual View Control — Digital Video CRT 
SRDF-DE — Window 1 V-Count Status................ssssccseees RO 

15-13 Reserved oo... eeeceeceeseeteeeeeeeeeeens always reads 0 
12 DVV Syne 


11-0 W1 V Count Status 
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VGA Extended Registers — Graphics Controller Indexed 


GRE — Old Source Segment Address ............scsccssssssssseeees RW 


73 Reserved sisvesvecesctivsssndiccceesassees always reads 0 
2-1 Source Segment Address Select............... default = 0 
O Reserved oiiceeeeeeeceeeeeseeseeeeeees always reads 0 


GRE — New Source Segment Address. ...........sscccssscccsseees RW 


Hh FROSERVOD  racissiidaneceskistveeeceedicseteedc eset always reads 0 
6-0 Source Segment Address Select............... default = 0 
Bit-1 is written inverted 
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GRF - Miscellaneous Extended Function Control......... RW. 
DT  RESOrVE oe snicsecsscceceveescosscossscdscsescasss always reads 0 
6 Character Clock Division Control Bit-1 (see bit-3) 
OO NO IVISION.........0...cccesscceeessseeceeessseeeeeeees default 
Ol Divide by 2 
10 Divide by 3 
11 -reserved- 
5 Symmetric / Asymmetric DRAM Address 
Qo Symmes. icc cesesdepeceseeeccsesendeverstecsicateens default 
1 Asymmetric 
4 Compressed Chain 4 Mode for CPU Path 
O Disable ........ccceeccccssseceeeessseeeeesseeeeeeees default 
1 Enable 
Character Clock Division Control Bit-0 (see bit-6) 
2 Alternate Bank & Clock Select 
Q Disable 3D8, 3D9, and 3xB.................0.. default 
1 Enable 3D8, 3D9, and 3xB 
1 Compressed Chain 4 Mode Display Path 


vs) 


OQ: Disables isccic2ccciesedazhecsdeechcckeceveddesscesedaaectd default 
1 Enable 

0 Source Segment Address Register Enable 
@ Disable GRE i: i:..ccccc..ccccsccccecteveetieesceess default 


1 Enable GRE 
All bits except 2 and 0 are write protected by SRE_New[7] 


VGA Extended Registers 


Power Management Registers 


GR20 — Standby Timer Controll.................cccccccssssssssssseees RW 


7 Timer Initialize & Enable 
O Enable Timer..........0 cece eeceeesseeesreeeeees default 
1 Initialize and hold standby and DPMS timer 
6-4 = Timer Testing ..............sccssscessssscsssccsssccesssccesseceeses RO 


3-0 Reserved 


GR21 — Power Management Control 1 ............ccsssssssssssees RW 


7 Power Management Pin Polarity 
O Active High... eee eserereeneees default 
1 Active Low 

6 PCI Power Management 


O° Disable sccecceecs sccssivecectites evens ieceuevitesteeees default 
1 Enable 

5 Suspend Mode 
O Normal mode...........ccceceeeeesesccceeeeseeeeeeees default 


1 Enter Suspend Mode 
4 Suspend Input Pin 


Qo Disable iececcosecdidcsacoeesissecssonceasoevesedversuess default 
1 Enable 

3. D3to DO Reset 
Qo Wisablesissicdievieiideieesiiesedsdtactstacesdoeaeen default 
1 Enable 

2 Standby Input Pin 
QQ DiSablle wiccccssscidscissscsdsosensscocscscevesosesssssense default 
1 Enable 

1 CLKRUN# Mechanism 
O Disable 0... ccccecesesssscecseeeseeeeeseseeees default 
1 Enable 


0 Consistent Standby / Suspend 

0 The bits in the PCI PM configuration registers 
will be OR’ed with bits 5 and 3 of this register 
for connection to the internal PM_ state 
MACHINE ss c-de ces lssgccsshaseisyscagsisesseaybinas<caeaes default 

1 The bits in the PCI PM configuration registers 
will be the same as bits 5 and 3 of this register 
to allow software coherency 
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GR22 — Power Management Control 2............seccsssscssesees RW 
7 Timer Test Mode 

Ov? DSA e: sosiccedeisos a cccdebséaceives.2secerstaceisassasd default 


1 Enable 


6 Refresh Clock Select 
0 Crystal input or external clock (XMCLK) 
provides refresh clock during suspend ...default 
1 REFCLK is used as refresh clock during 
suspend for 64ms refresh (ignore “Suspend 
DRAM Refresh Mode” bits 5-4 below) 
5-4 Suspend DRAM Refresh Mode 
OO NO PeRESD ssc cessccssscsdereesecpesespiesssasetecs cases default 
Ol Self refresh 
10 Crystal clock provides rate for 8ms refresh 
11 Crystal clock provides rate for 64ms refresh 
3 Disable GPIO 
0 Allow GPIO 7-0 pins to drive data in.....default 
1 Disable GPIO 7-0 pins (and their shared 
functions) from driving data. Tristates input 
buffers on pins so no power is consumed if 
GPIO pins are set to input mode. 
2 Reserved. ( siscneetdisnniecinaiic always reads 0 
1 Hardware / Software Oscillator Select 
0 Software controls oscillator off with bit-0 
(prevents automatic oscillator shutdown 
without direct software control of the 
“Oscillator Disable” bit) ...........ceeeeeeeeteeeeee def 
1 Hardware controls oscillator off (allow 
oscillator shutdown when power states are 
entered using hardware mechanisms) 
0 Oscillator Disable 
0 Enable normal function 0.0. default 
1 Disable (oscillator off) 


VGA Extended Registers 


=: PO WEP: Stats c.ccsciicisisccssscsccesessscscusiseosesscoccsiecsesesve RW 


GR23 
7 
6-5 


1-0 


Power Management Pin Polarity (see GR21[7]) 
Chip Power Status 

00 Ready 

O01 Standby 

10 Suspend 

11 -reserved- 
LCD Power Sequence Status 

0 LCD power sequencing is not occurring at 

this time 
1 LCD power sequencing is occurring at this 
time 

Panel Power Sequencing 

00 Fast panel power sequencing ................. default 

Ol -reserved- 

10 -reserved- 

11 Slow panel power sequencing 
DPMS Power Status 

00 On Mode (CRT interface is active and 
RAMDAC is full On) ........eeeeeeseeeeteees default 
Standby Mode (Hsync disabled, Vsync active, 
DAC off, RAMDAC color palette lookup 
table (LUT) video data path is off but LUT 
I/O is allowed) 
Suspend Mode (Vsync disabled, Hsync 
active, RAMDAC is off but contents are 
retained) 
Off Mode (Hsync and Vsync disabled, DAC 
LUT is full off) 
In hardware mode, these bits indicate the status of 
CRT Hsync and Vsync as well as the internal 
RAMDAC power state (the “off’ mode state can be 
read only in CRT only mode). In software mode, 
these bits control the state of the CRT Hsync and 
Vsync signals but not the power state of the internal 
RAMDAC. In simultaneous display modes, the 
power state of the RAMDAC is not controlled by the 
DPMS Power State (bits 1-0), but by the Chip Power 
State (bits 6-5). 


01 


10 


11 
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7 VCLK 
0 Disable 
T. AEM able isccscscesccssccsnsscsscevsssdsvesesscoossessosseeses default 
6 MCLK 
0 Disable 
T. Bria le isccsssscsccssscsosscsassesnscavesesccoossecsssdesses default 
5 CPU & DRAM Data Bus 
0 Disable 
Ts + Enable isscssssssocsiccvnsscsassesnsdivesestscossecsossesses default 
4 (Reserved)  sssinedosiiiiinnssiune always reads 0 
3. ENPBLT (Panel and/or Backlight Enable) 
Control 
Software Power Control 
QO Drive ENPBLT Low... cceeeeeees default 
1 Drive ENPBLT High 
Hardware Power Control (timers, pin, register bit) 
QO ENPBLT is active low... eeeeeee default 
1 ENPBLT is active high 
2 Panel VDD 
QO: {Disable sesicscciescbscccedsccieivoctactewiencsasivectvees default 
1 Enable 
1‘ Panel Interface Signals 
On” Disable iiiecsss ce cecvcaceacatebdes snever bbcsseadesendseed default 
1 Enable 
0 Panel VEE 
Oo Disable. svescscescecscscescssenivs texesetnestertessenast default 
1 Enable 
GR25 — Power Control Select ..............sssccccssssssscessssrecessees RW 


When any of bits 7-6 or 3-0 are set to 1, the corresponding 
power control bit reads back the logic state of the internal 


power management engine. 


For all bits below, 0 selects 


hardware power control and | selects software power control. 


ahuan~ 


Power Control for VCLK........................008 def = 
Power Control for MCLE ........................0. def = 
Power Control for the Data Bus ................... def = 
Power Control for the RAMDAC ................. def = 


The RAMDAC is software enabled in GR26[7-6] 
Power Control for Panel Enable / Backlight def = | 
(see GR24[3]) 

Power Control for Panel VDD 
Power Control for Panel Interface Signals . def = | 
Power Control for Panel VEE 


VGA Extended Registers 
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GR26 — DPMS Control ..............ccccscsssssssssssssssesscesssscccesseees RW 
7-6 RAMDAC Internal Power Control 
OO: Noriiall cise. scccdoccicessisckscedetccede scans poveanatatecs default 
01 DAC off (used in LCD only mode) 


10 Standby (DAC off, LUT in low power mode, 
V/O allowed to LUT). May be used in LUT 
bypass mode. 
Suspend (DAC off, LUT access disallowed 
but LUT contents are preserved) 
5-4 Reserved oo. eeceeeeeseeeeeeees always reads 0 
3. DPMS Control 
0 Software Control Mode: DPMS controlled by 
GR23[1-0] in simultaneous display and CRT- 
only modes (may be used to decouple the 
power modes of the CRT and LCD during 
simultaneous display) ......... cesses default 
1 Hardware Control Mode: DPMS controlled 
by internal power states. 
2-0 Reserved oo..eieeeeeceeeeeseereeeeeees always reads 0 


11 
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DPMS Control Modes 
DPMS Software Control Mode 


In simultaneous display mode, the software control mode can 
be used to control DPMS low power states independent of the 
chip power states. In CRT display mode, software mode 
gives total DPMS control to software. Pseudo-standby may 
be controlled by bits 7 and 6, as well as BLANK# timing. 


DPMS Hardware Control Mode 


Table 9. DPMS Sequence - Hardware Timer Mode 


Power Level DPMS Mode 


On 


Moderate - 16 min inactivity Standby 


Low - 32 min inactivity 
Lowest - 64 min inactivity 


DPMS hardware timer mode is defined as CRT only mode 
with the DPMS control mode bit set to hardware (bit 3 =1). 
Activity detection is set by register GR21[2:0]. Status is 
indicated in bits 1 and 0. The timer may be controlled by 
software from GR20[7]. 


High - Activity detected 


Table 10. DPMS Sequence - Hardware Mode in 


Simultaneous Display Mode 
Power Level DPMS Mode 
High - Chip on state On 


Moderate - Chip standby 


Low - Chip suspend 


Lowest - Chip off state 


In simultaneous display mode with hardware DPMS 
set, DPMS states are sequenced by the timer, pin, and 
register bits that control the chip power states. 


VGA Extended Registers 


GR28-27 — GPIO Control ...............ccccssssssccsssssrccesssssccessnees RW. 
15-8 GPIO Direction 7-0 
OP Read. sciisiteeiidsveet eiigiied istsseaeevas eases default 
1 Write 
7-0 GPIO Data 7-0... ccccetseeceeesnseeees default = 0 
GR2A — Suspend Pin Timer ................sccccsssssssccsssssscesseees RW 


7 Motion Video Port Suspend 
OQ) ‘Disable stcccsiee stvetevessieee can eeneeean default 
1 Enable 
6-0 Reserved o....eececccccscecessecesteeesteeeees always reads 0 
GR2C — Miscellaneous Pin Control......s..sssersseessserseeeseeee RW 
DT — RESCN VCO: csecsacccsiscsscoassccseteeseessessseeess always reads 0 
6 Use PDINV pin as GPIO5 
QO. Disable: sioccssciecssecciseadesseiecsecveraetiessetveasaees default 
1 Enable 
5-4. RESCVVER © wcesscssisesedsnesssieesstespessiensnoets always reads 0 
3. Use INT# pin as PSTATUS 
QO? Disable: secccsteevcdedvcxdeacetteteezsdeenaredentsivadede ck default 
1 Enable 
2 ‘Tristate P35-0, DE, SFCLK, LP, FLM 
O Tristate .......c cc ccececeseessseeesseeesseeensneeessees default 
1 Enable 
1 ‘Tristate ENPVEE, ENPVDD, ENPBLT 
O Tristate .......ceccceceseeesreeeeseeeseeeeesneeeseees default 
1 Enable 
O: “Reserved: a:.nncsecieniiiniineientis always reads 0 
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7  PCLK Control 
0 VGA Compatible... eee default 
1 PCLK equals VCLK 
6 Reserved  secicceiganie cence always reads 0 
5 Hsync Skew Control 
0 One skew in graphics, two skew in text .default 
1 Noskew 
4-3 Reserved oi. eeeeeeeeeees always reads 0 
2 Double Logical Line Width 
O> Disable sicesccsiiseetiantisniceteesesiatesetieteeiieals default 
1 Enable 
1 = Text Mode Display FIFO Prefetch Cycles Select 
O Multiple of 8 ee eeeeeeeeeees default 
1 Multiple of 4 
0 Enable Display FIFO Threshold Control 


Os WDisableseciccies esis cees eee ee Le default 
1 Enable (can also be enabled by AR10[0]) 


VGA Extended Registers 


Scratch Pad Registers 


These registers are reserved for use by software. 


GR5SA — Scratch Pad 0 ............ccscccscscccsccrcecsecessccrscssecesseees 
GRS5B — Scratch Pad 1 .u..........cccscccsssccscccsseseecssccrsosseceseeeee 
GR5C — Scratch Pad 2 ............cceccccssssscsccrcecsescsscssoossesesceess 
GR5D — Scratch Pad 3 .............ccssccssssscscsresesscesccsrscesssesseers 
GR5E — Scratch Pad 4 ...........sccsscscscssccscccescseserscsrocescseseees 


GR5F — Scratch Pad. 5...........ccccccssssssssssssssesssssssccssssscsesscees 
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VGA Extended Registers 


VGA Extended Registers — CRT Controller Indexed 


CRE — CRT Module Test.............scsssssrsserssesssrsrsnsserereesseeree lt W. 
7 Extended Memory Access Above 256KB 
Qo DISABLE: 25 deetoeseccetioessiat dastubcescdecstasvesseney default 
1 Enable 


6 VGA Misc Output Register (3C2) Write Protect 
0 Writes to 3C2 Allowed default 
1 Write Protect 3C2 

5 CRT Start Address Bit-16 


4-3 Reserved oo. eeeeeseeeeeees alwatys reads 0 
2 Interlaced Mode 
O Disable 0... cccececeeesssscceeeeseeeeeseeeees default 
1 Enable 
1-0 Reserved for Test (Do Not Program).....default = 0 
CR19 — CRT Interlace Control ................cccsssscccsssssrccsssees RW. 
7-0 Interlaced Vsync Adjust Value 
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CRIA — Arbitration Control 1..................cccccsssscssssssssseees RW 


7-0 Display Queue Kill Counter default = 0 
Controls how many requests can be accepted by the 
arbiter before changing the owner to another agent 
(00 disables the counter). 


CRIB — Arbitration Control 2.............cccccssssssssssssssesssesees RW 


7-0 High Priority Arbiter Kill Counter default = 0 
Controls how many requests can be accepted by the 
arbiter before changing the owner to another agent 
(00 disables the counter). 


CRIC — Arbitration Control 3................cccccssssssssssesesseees RW 


7-0 Low Priority Arbiter Kill Counter default = 0 
Controls how many requests can be accepted by the 
arbiter before changing the owner to another agent 
(00 disables the counter). 


VGA Extended Registers 


CRIF — Software Programming ................ccccsssssscssssceseeees RW 


7-4 Reserved 
3-0 Display Memory Size 
0011 IMB 
0111 2MB 
1111 4MB 
0100 8MB 
All other codes are reserved 
Memory size is automatically detected during system setup. 


CR20 — Command FIFO.)...........sssseresesescsesrerssssereseseseeeee RW 
7-6 Reserved oo..eceieeceeceeeeeereeseeeeeeees always reads 0 

5 Write Buffer 
OQ. DiSabl@is.cccescicccssicsvanssccdes bevccecessazesteniueteess defaul 

1 Enable 

4 16-Bit Planar Mode 

Qe Disabl esses. ccciedcsssectanseccvcsiescceccevarcavceiuenedss defaul 

1 Enable 
3-0) Reserved oon. eeeeeeeeereeeeeeees always reads 0 
CR21 — Linear Addressing ...............ssssccccsssssrcsesssssecesssees RW. 


7-6 Reserved oo..eeeieeeeeeceeeeeseeeeeeeeeees always reads 0 
5 Linear Memory Access 
QO. DiSable:.:. isis cin iavnciseteniis a neetets defaul 
1 Enable 
4-0 Reserved. © acis.ccseeseiesiecs tients always reads 0 


This register is write protected by SRE_New[7]. 


CR22 — CPU Latch Readback.............cccccccscsssssecsssssesesseees RO 


7-0 Latched Data 
Pointed to by GR4 (VGA Read Map Select Register 


) 
CR24 — VGA Attribute State ...............ssscccssssssssssssssecessees RO 
7 VGA Attribute State 
Qo TAG OR: os s2sccccesck scaditecsencladecdezecsesedeauieneeaeeea defaul 
1 Data 
6-0 Reserved oie eee eeeeeeees always reads 0 
CR25 — RAMDAC Read/Write Timing ..............ccccccccesees RW 


7  PCLK/P[7-0] BufferTristate Control 
O* BMAD 6 eereclsideoceeseylevcsacssaczctessddesasssssdeeeseetes defaul 
1 Disable 
6-4 Reserved os ssscistnsssscieseupiiseices always reads 0 
3-0 RAMDAC Read / Write Wait States .....def =1111b 
7 ~~ Vertical Total Bit-10 ......0000.0 ee default = 0 
6 ~=Vertical Blanking Start Bit-10 «00.00.0000... default = 0 
5 _—- Vertical Retrace Start Bit-10 .......000000... default = 0 
4 Vertical Display Enable End Bit-10 ....... default = 0 
3. Line Compare Bit-10 00... default = 0 
2-0 Start Address Bits 19-17 ..........0000. default = 0 


VT8601A Apollo PLE133 
CR29 — RAMDAC Md ..........sssrssssroersesssssvssesesesssssesees RW. 
7 External DAC 
0) ‘Disable vess.ccsssetsadi sess iieecsies ees defaul 
1 Enable 
6 ‘Reserved: © .ccdaiuinniieiaike always reads 0 


5-4 CRTC Offset[9:8] for High or True Color Modes 
3 GETI/O Decode 


Oo MDS ADS vesscsscks aveseuicndsavodcscdasaucnsavesbecscdvstzes defaul 
1 Enable 

2 RAMDAC 
QO? External ossic5c.cssiscvetsssiidet eves acer sssvaiaceeaose defaul 
1 Internal 


1-0 RS[3-2] for RAMDAC (if register access definition 
is selected) 
This register is write protected by SRE_New[7] 


CR2A —~ Interface Select ...........:.:.-sssscssscsssssereretssesseeseceeees RW 
BA “WIROSCEVER isiavescesvsseseretensssscsedecosteasense always reads 0 
6 Internal Data Path Width 
O° (8/16-Dit. waists ania aieiaiaeied defaul 
1 32-bit 
SB! WREServed  cscsscccsseistscestiasceonnsnies always reads 1 
4 Power Down Mode Using ROMCS# 
O. Brablesicssic.ceiciasicedidsiianaininiind defaul 
1 Disable 
3-0) Reserved oi. eeeeeeeeeeeeees always reads 0 


This register is write protected by SRE_New[7] 
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TS ROSORVEd.  isccsseiisistecdensiestecsscssscecteessts always reads 0 

4 Horizontal Blank Start Bit-8........00000000... default = 0 

3 Horizontal Retrace Start Bit-8 ............... default = 0 

2 Horizontal Interlace Parameter Bit-8 ....default = 0 

1 Horizontal Display Enable Bit-8 ............ default = 0 

0 Horizontal Total Bit-8 00.0... default = 0 
CR2D — GE Timing Control.............ccccccccccssssssscssssssssesseees RW 


7-5 Reserved 
4-3 GE Sample Clock Delay Selection........... default = 0 
2-0 GE Frame Buffer Read Delay Cycles .....default = 0 


svessasadensdsnpdveaueaissGeqzestescapis always reads 0 


CR2E — Performance Tuning ............ccccccccccsscsssssscscsscsseeees RW 


7 Reserved 
6 DRAM Refresh Cycle Control Bit-1 
(Bit-0 is CR11[6]) 

00 3 refresh cycles per horizontal line 

O01 5 refresh cycles per horizontal line 

10 1 refresh cycles per horizontal line 

11 2 refresh cycles per horizontal line 
5 _— Blank TimingSelect 

O Normal blank... eee eeeeeeee default 

1 Blank is the inverse of display enable 
4 Display FIFO Depth Control 


QO: SPdCep icine dase viiveieet aeons default 
1 8deep 

3-2 Memory Read Ready Control 
OO © SHESCLVEd accu; fs -ccsdsadiseisestseteeseastevtensetocses default 


O01 Fast read cycle (same as 10) 
10 Fast read cycle (same as 01) 
11 Normal read cycle 

1 Clock Source 


0 VCLK2 
TE VICTIBG. cc; acceasdiantestdvlasienscestiestevss-serettesias default 
0 Pin Scan (Test Only).......... eee eeeeeeeeeeeee default = 1 
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CR35-34 — Graphics Engine I/O Linear Address Base.. RW. 
15-0 Graphics Engine Linear Address Base... default = 0 


CR36 — Graphics Engine / Video Engine Control.......... RW 


7 


6 


Graphics Engine 
O> Disable igiseccesscoces ends ticeeslietes ccagsand exsisateaees default 
1 Enable 

PCI Video Minifier 
QO. Bypass acsscicsc.c cnet ecids costed dash eeaniceenesy cette: default 
1 Go through minifier 

Video Aperture 
QO: Disable ig ccssescaviieetie ite ackee ee: default 
1 Enable 


Graphics Engine Software Reset 
Writing a one to this bit resets the graphics engine 


Graphics Engine I/O 
QO): Disable fesloceiseieiccedessdates seed seeetsdacesdediass default 
1 Enable 

String Write 
Oh: Disable iiccsledeideiecetick dates asi cdhactstadetdeteesd default 
1 Enable 


1-0 Graphics Engine Register Mapping 


00 I/O mapped at 21xxh we default 
01 Memory mapped at B7Fxxh 

10 Memory mapped at BFFxxh 

11 Memory mapped using the GE base register 


CR37 — PC / SMB Control .sssssssssssssssssssessssssssesssssssssesssesees RW. 
7  SMBCLK Buffer is Open Drain........ always reads 1 
6 PCSMBCLE Status ..0.......eeeeceeeeeeeeeeeeeeeeee RO 

5-4 RRESErved sisesscicssseteseccebebseeeccescnasouee always reads 0 
3 VC Operation 
Oe REAG): vocsevesisadecthisicadssavessettesdveseesdesbiente default 
1 Write 
2 Reserved c.esccencuiccnweundusiecns always reads 0 
1 PCSMBCLK Signal 
0 Low 
1 High wu eeccscsstsscsssesessssseseessssssesssees default 
0 PCSMBDAT Signal 
Or LOW sete destaiencde dle iedsie ds default 
1 High 


VGA Extended Registers 


CR38 — Pixel Bus Mode 
7-6 Reserved 
5 Packed 24-Bit True-Color Mode 


QO: “Disable ssisc: ece3csessshkshadccecccsscanseseestvaces default 
1 Enable 
4 Standard VGA Mode in 64-Bit Configuration 
OQ. “Disable sssiscceicscsssbis ce hiece ee zieel ieee default 
1 Enable 
3. True Color Mode 
OQ: “Disables ceiii tse isseiccccsitniieekk default 
1 Enable 
2 High Color Mode 
QO “Disable vice: cceccccisceusesseecateeatiereiesisbeacusses default 
1 Enable 
WM. Reserved)  secssisswncuurenccieia always reads 0 
0 16-Bit Pixel Bus 
QO. Disable :zicccccsecsnsteisiasaciatcateceithevectetecvses default 
1 Enable 


This register is protected by SRE_New[7] 


CR39 — PCI Interface Control .............cccccccssssssescsscssesseees RW 
7 Pixel Data Format 
O Little Endian...... cece cccceceeeeeeeeeeee default 


1 Big Endian 
6-5 Memory Data with Big Endian Format 
00 Pass Through (PT) ........ceeeeeeeseeeeeeneees default 
01 Word Swap (WS) 
10 Half Swap (HS) 
11 Full Swap (FS) 
4-3 BE[3-0]# With Big Endian Format 
00 Pass Through (PT) ....... cee eeeeeseeeeeeeneees default 
01 Word Swap (WS) 
10 Half Swap (HS) 
11 Full Swap (FS) 
2 PCI Burst Write 


O° “Disable ccsssicsiiiaseiai dike ek default 
1 Enable 

1 PCI Burst Read 
O Disable .........ccccecccccesssecceeesseeeeesssseeeeees default 
1 Enable 

0 MMIO Control 
O: (Disable scsisisicinescivaikiiieie kates default 


1 Enable (64KB VGA I/O space can _ be 
memory mapped within the 4GB memory 
space) 

This register is protected by SRE_New[7] 
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CR3A — Physical Address Control .............sscccssssssssssssseees RW 


7 Reserved 
6 AGP/ PCI Select 


Oo MPEL © secesshssslsccscsistesssdiiceceeiicszesbaneaessaeaes default 
1 AGP 

5 BothIO 
O* Disable siseiccei.eiltsitecceiete eects default 
1 Enable 

4 Memory Address Linearization 
Oi WDisableszsecicicsccceis eked eee dcstsasstasecaacacc default 
1 Enable 

3. Reserved)  cis.ccusiencenacdacenics always reads 0 

2 AGP Software Reset 
QO: . (Normal: i.is:cc2 chee ects etic to eeeticestievieseeice default 
1 Reset 

1 PCI Configuration Subsystem ID Write 
Ov (Disable ssscisctueeaieeteiavccs sees echehevecbereee default 
1 Enable 

0 Enhanced Register I/O Scheme 
QO: (Disable wisicccccecesssecuthieiessiieteasceuticestheveebeees default 
1 Enable 

CR3B — Clock and Tuning .................sssccccssssosssssssssecesssces RW 


7 Observe Clock Source 
>, WOK, sc2cc25iscthciiistsstoiateatiteidsasaioesecveiaics default 
1 VCLK2 


6-4 Clock Source Mode Select 
Oxx Internal Clock Chip 
000 V/MCLK test mode, observe MCLK 
001 V/MCLK test mode, observe VCLK1 
010 V/MCLK test mode, observe VCLK2 
011 Normal operation 
1xx External Clock Chip 
Bit 6 default is set from MA7 
Bits 5-4 default is set from MA8,2 inverted 
3. ~=Clock Control 
QO When bits 6-4 = 00x, clock is normal ....default 
1 When bits 6-4 = 00x, clock is divided by 2 
2-1 ROSCrVEd cette sess cesiisesnsseeivecessusientes always reads 0 
0 Vertical Retrace Memory Refresh 


0 Disable 

1 Enable wo... eccctsetsessesccssesesseescsssssessenees default 

This register is protected by SRE_New[7] 
CR3C — Miscellaneous Control .............:ssseseseteseseeeeeseeees RW 
7-3. Same Definition as GRF[7-3]................... default = 0 
2 (Reserved:  cissiniingcininhns nai always reads 0 
1 Same Definition as GRF[1]...................... default = 0 
O Mode Select Uo... eee default = 0 
0 This register has no function ............0... default 


The original GRF[7-0] bits are used 
1 GRF[7-3, 1] accessed via this register only 
GRF[2, 0] accessed at original register only 
Original GRF[3] is R/W but has no function 
This register is protected by SRE_New[7] 


VGA Extended Registers 


a // Neer 


Hardware Cursor Registers 


The PLE133 supports a Windows® compatible hardware 
cursor. The hardware cursor operates only in extended planar 
and packed pixel modes. The cursor size can be selected 
between 32x32 and 64x64. Two 2-bits-per-pixel images 
define the cursor shape. The table below shows how these 
two bits operate on each pixel. The hardware cursor pattern 
is stored in off-screen memory. 


Table 11. Hardware Cursor Pixel Operation 
Plane 0/Plane 1} Pixel ee Pixel Operation 
Cursor BG Color 


Cursor FG Color 


Transparent 


Transparent 
VGA Data Inversion 
Cursor FG Color 
Cursor BG Color 


Transparent 


CR43-40 — Hardware Cursor Position................sssccseee RW 
31-28 Reserved oui. eceeeeeseeeeeeeees always reads 0 
27-16 Hardware Cursor Position Y Dimension 
15-12 Reserved oo... eeeeeeeeeeeeeeees always reads 0 

11-0 Hardware Cursor Position X Dimension 


CR45-44 — Hardware Cursor Pattern Location.............. RW 
15-12 Reserved oo... eeeeeeeeeees always reads 0 


11-0 Hardware Cursor Map Mask Storage Location 
1KB aligned in the frame buffer 


CR47-46 — Hardware Cursor Offset ..............:cccssssscssessees RW 
15 Reserved 
14-8 Hardware Cursor Position Y-Offset 

7 Reserved 
6-0 Hardware Cursor Position X-Offset 


CR4F-48 — Hardware Cursor Col0r.........sssssssseesseeseeeeee RW 
63-56 Reserved .... always reads 0 
55-32 Hardware Cursor Background Color 
31-24 Reserved ou. eeeeeeeseeeeeeeeees always reads 0 
23-0 Hardware Cursor Foreground Color 
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Hardware Cursor Control..............+ 


Hardware Cursor Enable 


O Disable oo... cceeceeeeseeeeeeeeee 


1 Enable 
Hardware Cursor Mode 


0 MS Windows™ Compatible ... 


1 X11 Compatible 
Hardware Cursor Color Control 3 


O Disable oo... cceceeeeeeseeeeeeees 


1 Enable 
Hardware Cursor Color Control 2 


QO: (Disable siicscsccccoiceticassicieoneeeee 


1 Enable 
Reserved 
Hardware Cursor Size 


00 T28KI28 cick ciieinuciis: 


Ol 64x64 
10 32x32 
11 -reserved- 


eussestenacee default 


ia eeececis default 


eeseaventenede default 


always reads 0 


spletieceae default 


VGA Extended Registers 


Additional CRTC Extended Registers 


CR51 — Bus Grant Termination Control .............0ccccccesees RW 


7-0 Bus Grant Termination Position 
This regiester is active if CR52[6] = 1 


CR52 — Shared Frame Buffer Control.................sscccessees RW 
7,5 Shared Frame Buffer (SFB) 
QO “Disable sesescccscccescsecssejadasacteodeocstnendeyecesese default 


O01 Enable SFB slave mode 1 (8ma I/O buffer) 

10 Enable SFB master mode 

11 Enable SFB slave mode 2 (16ma I/O buffer) 
6 Bus Grant Termination Position Control 


OQ: Disable secsiscicc esses tacedisdeaseeaeadeestieartiears default 

1 Enable 
4 Reserved:  .as:hsdidenestinnicienn always reads 0 
3-0 Bus Grant Low Pulse (MCLKs)........... def = 0010b 
CR55 — PCI Retry Control ..............ccccsssscccssssssccesssssecesssees RW 


7 PCI Retry in Memory Write Command 
QO) Disables vicccisecsiestecent eastestedvlecni hice ies default 
1 Enable 
6 PCI Retry in Memory Read Command 
O° Disable cssscctsccsssinetestivsss cis teceusieesvcries default 
1 Enable 
5-0 Number of PCICLKs * 2 for STOP#....... def = OFh 
Number of PCICLKs, multiplied by 2, for generating 
STOP# during the first data phase 


CR56 — Display Pre-end Fetch Control............ccccsccccssssees RW 


7-2 Reserved 
1 Display Queue Pre-end Fetch 


QO Disable iiss. écdiicciseskesdthitatedeecieaea default 
1 Enable 
0 Display Queue Pre-end Fetch Parameter Bit-8 
Used with CR57 occ cccsccccsssscseesssdectecsesccesecssevs default = 0 
CR57 — Display Pre-end Fetch Parameter............ccccssees RW 


7-0 Display Queue Pre-end Fetch Parameter Bit-8 
Used with CR56[0] ........::cccceecssseseseeeeereeees default n/a 
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7 > Capterre Tdle wiescccccccccsseeccccscsscsssscscooscscseseocsasoneds RO 
6 Capture Command Port 
O Disable oc. ceeeecesceeseseeseseeessteeesseeesees default 


1 Enable new command port (2203-2200h) 
BS. FROSCrVEd  eciiitseeseccssstveceesscsscsseeeetesis always reads 0 
2  PCTII/O Write Retry 
O Disable ooo... ceeeeessceesseeeenseeesseeeseseeeseees default 
1 Enable 
1 PCII/O Read Retry 
Q Wisablessiicccsc:c0ssssdiesscssesevesaceeiacvesseecvetieass: default 
1 Enable 
0 Capture Interface 
QO DISAB sctc.ss8s.0s.ceciscsesteecieiadetiadeesveechectasds: default 
1 Enable 
This bit is protected by SRE_New[7] 


CRAIF = Test: Control iscicccsssscccesscssscicscossevssntescesssvovscsccovanees RW 


7 Internal Control Test Output 
OQ: INornnall ci ccigesices..teleetnientiddickeehnees default 
1 Internal control signals are output to P15-0 
P15  GEREQ 
P14 GEBUSY 
P13) CMDIN 
P12} GEWAIT 
Pll CMATCH 
P10 KGECYC 
P9 WBMT 
P8 GERTRY 
P7 BLANKTV 
P6 WRSTY 
PS  WRSTU 
P4 WRSTV 
P3 = WRSTI 
P2 YOEN 
Pl UEN 
PO  YUVEN 
6 Capture Input Interrupt Polarity Select 
QO), INorinial .3sc. ves cesashinccsasecsszepastsatcsasevavededatis default 
1 Test data is output to pixel bus P15-0 
5-1) Reserved oi. eeeeeeeeees always reads 0 
0 Stop DISPQ REQ Test 
O. Normal. isidsisdeednetiihisisiiateactint ceeds default 
1 Stop DISPQ REQ 
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CRG2 — Enhancement 0.............cccccccsssscsssscsssssssscesssssesesseees RW 
7 Pause GE Operation (GEPAUSE) 


0 Normal GE Operation... ee default 
1 Pause GE Operation 
PCI Retry for GE (ENGERTRY) 
QO (Disable scccckicscncenileancihaaces default 
1 Enable 
Short Command (ENSHRT) 
QO (Disable sicccceiieckieaichakacns. default 
1 Enable 
Direct Read Even if GE is Busy (ENDIRRD) 
Q). Disable:.scc:sc5 icc esstieseiteaedieeicieleetensteds default 
1 Enable 
Reserved 
Low Priority Arbitration Policy 
0 Fixed Priority 
1 Round Robin wou... ecsssscssssesssccesseesseces default 
High Priority Arbitration Policy 
O Fixed Priority 00... ee eeeeeeeneeneees default 
1 Round Robin 
Frame Buffer Memory Size Select 
Os SIMIB: ..cetidicestetesientidi nate entestien ch elediee default 
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CRG3 — Enhancement 1 .........s.scessssesesesescsserssenescsesessessees RW 
7-6 Reserved oo... eeeeseeeeeeeeees always reads 0 
5-4 Memory Folding Control 
OO) Normal i: cicideienickeidaininncnaiincs default 
01 FOLD6 
10 FOLD7 
11 -reserved- 
S32 (Reserved oc.cisecsccscesiesiceessessecsiaay cues always reads 0 
1-0 Extended FIFO Latency Control (LATV[5-4]) 
Combined with CR30 
CRO64.— DPA. Extra’ ciccssiscscccscsssseccsssecesscesacesssséscnsssscsenens RW 
7 DPA On/Off 
LORE © | 1 Marersre peer rece Recerca reer eee eset eet default 
1 Off 
6 DPA Bypass 
O Normal ...... eee eeeceeeseeeeeseeeeseeesseeesseeeesnes default 
1 Bypass 
5-3 Reference Feedback Clock Delay 
Maximum 20S ..........cccsseccceessssceeeessseeeeeeeees default = 0 
2-0 Reference Internal Clock Delay 
Maximum 20S ..........cccescccceessssceeessssseeeeenees default = 0 


VGA Extended Registers 
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Video Display and Capture Engine Registers 

The PLE133 integrates video display and capture engines, 
which support YUV 4:2:2, YUV12 (planar) or YUV 4:1:1 
data formats to accelerate software playback and video 
capture functions. Video images can be captured through a 
special video capture port or the PCI bus. Dual apertures on 
the PCI bus enable graphics and video data to be transported 
simultaneously without any software involvement. The video 
image can be smoothed through a programmable multi-tap 
filter to reduce the jig-jag effect after minification. The video 
data can be minified to save bus bandwidth or memory space 
and written into offscreen memory. The video display engine 
fetches YUV 4:2:2 or planar video data from offscreen 
memory and can be scaled up with linear interpolation in both 
X and Y directions. The video data stream is converted into a 
True Color RGB24 data stream and multiplexed with the 
graphics data. Two live video windows can be supported. 
The graphics data and video data can be handled smoothly in 
different color depths with color key support. A hardware 
anti-tear mechanism prevents the tearing effect due to frame 
buffer update and eases the burden of software to flip the 
page. Since the hardware synchronizes the capture or PCI 
video address pointer with the playback VSYNC, the built-in 
algorithm ensures the playback frame buffer is free from the 
frame update. For the parameters defined here, refer to the 
following figures. 


Note that W1’ is defined for the anti-tearing function. W1 is 
the first live video storage area and W2 is the second live 
video storage area. W1 could be in either packed pixel or 
planar format, while W2 can only be packed pixel mode. If 
W1 is in packed pixel mode, then W1-U and WI1-V are not 
used. If W1 is in planar mode, then W1-Y is the first live 


video Y-component storage area, and W1-U (V) is the first 
live video U (V) -component storage area. In the following 
register definitions, a register with W1 (W2) indicates that 
this parameter is applicable to the first (second) live video 
window only. 


Frame Buffer 


Graphics 
3D5.94-92 
W1 (YUV) 
Ww1-Y 
3D5.9A-98 
w?’ 
3C5.82-80 
W1-U 
3C5.85-83 
w1-V 
3C5.88-86 
w2 


Figure 7. Frame Buffer Parameters 


VSYNC 


> 


5678 


wi 


Graphics 


w2 


1: CR92-CR91, 2: 3X58E-CR8D, 3: CR8B-CR8A, 4: CR87-CR86, 5: CR89-CR88, 6: CR8D-CR8C, 7: SR90-SR8F, 8: SR94-SR93 


Figure 8. Live Video Display Parameters 
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CR81-80 — Window 1 Horizontal Scaling Factor............ RW 


15 Horizontal Minify / Zoom Enable 
0 Horizontal Zoom Enable................c0 default 
1 Horizontal Minify Enable 
Minify Enabled: 
14-13 Tap 1 
12-10 Horizontal Minify Integer (Inverter), Hsrc/Hdst — 1 
9-0 Horizontal Minify Factor, (Hdst/Hsrc) * 1024 
Zoom Enabled: 
13-0 Horizontal Zoom Factor, (Hdst/(Hsrc-2)-1) * 1024 
CR83-82 — Window 1 Vertical Scaling Factor ................ RW 


15 - Vertical Minify / Zoom Enable 
QO Vertical Zoom Enable... default 
1 Vertical Minify Enable 

14s Vertical Filtering 
Q> “Disablesis ncn tiieinieen Bees default 
1 Enable 


13-10 Reserved oo... eeeeeeeeeeeeees always reads 0 
9-0 Vertical Minify / Zoom Factor (Vdst/Vsrc) * 1024 
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CR89-86 — Window 1 Video Window Start.................00 RW 
31-28 Reserved oo. ee ee eeeeseeeeeeeees always reads 0 
27-16 Video Window Vertical Start 
In pixel delays from the edge of VSYNC 
15-12 Reserved ou. always reads 0 
11-0 Video Window Horontal Start 
In pixel delays from the rising edge of HS YNC 
CR8D-8A — Video Window ENG................sessssrssssssseers RW 
31-28 Reserved oo....eeccccceseessseessteeeseeees always reads 0 
27-16 Video Window Vertical End 
In pixel delays from the edge of VSYNC 
15-12 Reserved i.e eeeeeeeeeeeees always reads 0 
11-0 Video Window Horontal End 


In pixel delays from the rising edge of HS YNC 


VGA Extended Registers 


CR8F-8E — Video Display Engine Flags ............ssscccccesees RW 


15 Planar Capture Mode 
O Planar 420 Capture... eee default 
1 Planar 422 Capture 

14 VSYNC Test / Graphics Engine Reset 


O° Disablessi asin ccksealachasce: default 
1 Enable 

13. Edge Recovery Algorithm Control 
QO (Disable .icc.cecscckardscisia kas default 
1 Enable 

12 Window 1 Vertical Interpolation 
QO» “Disable viecciscsc cnt esasi cee heinhceats default 
1 Enable 

11. Window 1 Horizontal Interpolation 
Q». “Disable sess siee ic dictcteinee etieieleciee default 
1 Enable 

10 CSC/Bypass Select 
OQ; CSC: she udnuheseene eee default 
1 Bypass 

9 Line Toggle for Line Buffer 
QO» “Normal 5 :2..cchcivee ectscdeiiesetenstoeitieaeeeniee default 


1 Toggle (Reversed) 
8: “Reserved:  cssscscswusisusesstateestast: always reads 0 


7-5 Window 1 HDEO Delay Adjust............... default = 4 
4 Video Window 1 
O° WIS AD Gs ses sssctsceseds caregessasined sdacneneessainetedees default 
1 Enable 
3. CCIR-/ DTV Input Video Data Control 
O CCIR Format... cccecccceeesseeeeees default 


1 DTV Format 
2-1 W1/ W2 Line Buffer Page Break Level Control 
OO! “BAISVEIS ssscccsscdsesssssstavsossdeaseesevedeesseaveeedens default 
01 16 levels 
1x 32 levels 
0 Video Window 2 
O Disable .0.... i ccecesesessssseceeeeeeeeeeeeseeens default 
1 Enable 


15-14 Reserved 
13-0 Video Row Byte Offset 
Programmed with the number of bytes in a row 


23-21 Reserved 
20 Used with CR97 bit-7 
19-0 Video Start Addres (in bytes) 
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CR95 — Video Window Line Buffer Threshold............... RW 


7 Line Buffer Level Bit-8 (used with CR96) 

6-0 W1/ W2 Line Buffer Request Threshold Value 
When the line buffer is less than this value, a memory 
request will be issued. The value programmed in this 
register must be less than the line buffer level (see 
bit-7 and CR96). 


CR96 — Window 1 / W1-Y Line Buffer Level Control ...RW 
7-0 Line Buffer Levels (bit-8 is in CR95[7]) 
RGB8: (pixel #+ 2) / 8 rounded up 
YUV 4:2:2: (Pixel # + 2) /4 rounded up 
For W1-U or W1-V, the level is this value divided by 
4 or 16, depending on the panar format (YUV12 or 
YUV9) 


7 ~~ Start Address Reload Control 
0 CR94[4]=0 address can be reloaded any time 
1 CR94[4]=0 only reloaded during Vsync 
x CR94[4]=1 address not reloaded 
6 Video Start Reference Select 
QO HSYNC/ VSYNC 0... ceccceeseeeteeeees default 
1 Use fixed signals (fixed relationship with HDE 
and VDE) as video start reference 
5‘ Address Point Invert 


QO Normal ...........cccccscceesessecceesssseeeeesseeeeees default 
1 Invert 

4 Odd / Even Invert (Anti-tearing) 
QO Normal ........c.ccccccscceesssseeceesssseeeeessseeeeees default 
1 Invert 


3. Playback Test Mode Select (RGB Data Select) 
2 Playback Test Mode 


OS BY (St) 0) (eee default 
1 Enable 

1 = Anti-tearing Sync Select 
O- VGA. VSYVDC..ie cies. ssecesncdis ines cesede taaseseecaes default 


1 Playback Vsync 
0 = Anti-tearing 
Q> DiISable s.cccceceseccsscsectesdccocscenccivescsssessedeased default 
1 Enable 
This bit is automatically disabled if there is only one 
video stream and dual live video mode is enabled. In 
this mode, the even field is used for one live video 
stream and the odd field is used for the other live 
video stream. 


CR9A-98 — Capture Video Start AdATres6...........cccccsssees RW 


23-20 Reserved 
19-0 Capture Video Start Address 
Controlled by SRBE (3CS5 index BE). 


VGA Extended Registers 


CR9OB — Video Display Status. ............cccccsssssscssssssssecsees RWC 


7 Capture Interrupt 
QO Disable siscccissesckacencssihicns default 
1 Enable 
6 Capture Interrupt Clear ................. Write 1 to Clear 
5 VGA Vertical Blank... cee eeeeeeeeeeneeeeeeeaee RO 
4 Capture Interrupt Status... eee RO 
3.‘ Display Double Buffer Status ..............000000.... RO 
2 VDQ (Capture FIFO) Empty .......0 ee RO 
1 Capture VSYNC Status... eee eeeeetees RO 
0 Capture Video Display Enable (VDE) Status ....RO 
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CR9IC — Capture Control 1 ...........cccccccccccssssssssscssssssssesesees RW 


7-6 Frame Capture Control 
O00 Interlace Capture... eee default 
O01 Even/odd 60fps capture 
10 Even field 30fps capture 
11 Odd field 30fps capture 
5‘ External HDE Select 
O Use Internal HDE ..... ee eeeeeeeeeeee default 
1 Use External HDE 
4 Capture Enable 
Q. Disable-scccsiscics.ciss hese itineniatees default 
1 Enable 
3. Genlock Enable 
0.) Disables, sccisncisciin Gotan ee default 
1 Enable 
2 Motion Effect Algorithm 
O: ‘Skip 2: Wes wii. ccsccscact ceases eresseteee awed default 
1 Skip 1 line 
1 Capture Hsync Polarity 


QO SNo@tinall iis sccticetecrntis eattee tetieeen sed default 
1 Invert 

0 Capture Vsync Polarity 
O} Noriniall aes, ecsscsssasccdeaned Geshe suevsnatuentent caseneee default 
1 Invert 


VGA Extended Registers 


CRYID — Capture Control 2...........cccccccccscccsssssssssssssssssesseees RW 


7 Capture DTV / CCIR Format Select 
QO. “COIR: siakaiiiieaiie tase dias default 
1 DTV 
6-4 Horizontal Filter Tap 
OXK: Bypass «a iissiseeciesiicteentipeteeeti ences default 
100 2 Tap 
101 3Tap 
110 5 Tap 
111 9 Tap 
3 UVSwap 
QO» Noritiial .sccciinesd ceeciev hastatiennceas dec vctsion default 
1 Swap 
2 YUV Swap 
QO. “Normal. siscsesineccsssetiay. cvaseetivescesn ac ectsins default 
1 Swap 
1__‘~ Philips 9051 Format Select 
Q “Normals inccicnneicuanetintie dein default 
1 UV9051 Format 
0 TV 8-Bit Control 
O 16-bit capture input... ee default 
1 8-bit capture input 


CR9YIE — Capture Control 3...........cccccccssssssssssssssssscssssseceeees RW 


7-6 Capture Input Data Mode 
OO) YUV 41222 ics ne he bieiaetieeeniieiveeee default 
O01 YUV 4:1:1 
10 RGB 565 
11 -reserved- 
5 CGS Clock Double 
QO». Normal 52: hance ceciei ade ght eetenitie ie. default 
1 Double 
4 Capture Clock Polarity 
O Normal ii...issccnccccsnnianindnnieees default 
1 Invert 
3-2 Capture Clock Delay Select 
OO No delay ..ctsscctecces tes cece ccissssentveeeaes default 
Ol 3ns 
10 6ns 
11 9ns 
1 Hsync Delay 
O Normal 0.0... eeececesseeeesecesseeessteeeesneeessees default 
1 Delay 
0 PCI Frame Start and Busy 
0 PCI Video Not Busy ...... ee default 
1 PCI Video Busy 
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CR9IF — Capture Control 4...........cccccccssssssssssssssscssssssesseees RW 


7-6 


3-1 


Capture Interrupt Source 
OO Capture VSYNC ooo. eee eeeeereeneeneeees default 
01 Capture even field 
10 Capture odd field 
11 Capture blank 
IBM MPEG2 Mode Enable 
O: NOrinial ici sccccssccascsctessennsdee sais sertiscnaay. tise default 
1 IBM MPEG2 Mode 
Production Test Mode for Capture 
QO Normal ia.titneiadi ccna default 
1 For test purposes, the ESYNC# pin is used 
instead of capture Vsync and EDCLK# is used 
instead of external CLK 
Capture Clock Divide Factor Select 
Capture clock divide factor when the internal pixel 
clock is source: 
000 Divide by Lo. eects eereeeeteereees default 
001 Divide by 2 
010 Divide by 3 
011 Divide by 4 
100 Divide by 5 
101 Divide by 6 
110 Select 14.318 MHz Clock 
111 Select 28.636 MHz Clock 
Capture Clock Select 


0 Use external capture clock... default 
1 Use internal pixel clock divided by the factor 
above 


VGA Extended Registers 


CRA1-A0 — Capture Vertical Total...............cccccsssssssssseees RW 


15-11 Reserved 
10-0 Capture Vertical Total 


CRA3-A2 — Capture Horizontal Total .............ccccssssssseees RW 


15-9 Reserved 
8-0 Capture Horizontal Total 


CRA5-A4 — Capture Vertical Start ...............cccccsssssssssesees RW 


15-11 Reserved 
10-0 Capture Vertical Start 


CRA7-A6 — Capture Vertical End................cccccssssssssrseees RW 


15-11 Reserved 
10-0 Capture Vertical End 


CRA9-A8 — Capture Horizontal Start..............scccssscsssssees RW 


15-10 Reserved 
9-0 Capture Horizontal Start 


CRAB-AA — Capture Horizontal End. .............ccccscscccsesees RW 


15-10 Reserved 
9-0 Capture Horizontal End 


CRAC - Capture Vertical Sync Pulse Width.................. RW 


7-4 Reserved 
3-0 Capture Vertical Sync Pulse Width 


CRAD - Capture Horizontal Sync Pulse Width............. RW 


7-6 Reserved oo..eeeieeeecceseseeseeseeeeeeees always reads 0 
5-0 Capture Horizontal Sync Pulse Width 
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CRAE — Capture CRTC Control ..............cccccscsssssssssseseees RW 


7 


Time Base 
O One Time Base ........... cc ccececceeeseseeeeeeeees default 
1 Two Time Base 

Frame Reset 
O: Piel resets. sioccsccccchccesssciciaciecslasscsscteiacecees default 
1 Frame reset 

Capture Clock Divide by 2 


0 Select original capture clock... default 
1 Select inverted capture clock before divide by 
two 

Odd / Even Field Invert 
Os NOrinall iisseee sence ioevctie ed default 
1 Invert 

CRTC Hsync Load 
Qe: Briable: iis .c0ics.etiewienieucicaniede cee default 
1 Disable 

CRTC Vsync Load 
QO: Briable: oscscocchescched eihiasstsessticaniaestheveties default 
1 Disable 

CRTC Horizontal Reset 
Qe “Briable:.cicscccciscciiclnisessthausclesatieesdvecbiees default 
1 Disable 

CRTC Vertical Reset 
O: Enable ec sosclssccveouveoseedeavesvseuiventeedereatvss default 
1 Disable 


CRAF — Capture CRTC Cont rol................ccccscsssssssssesssees RW 


7 


hu 


Video Exist Select 
O Video exist capture... ee eeeeeeeee default 
1 Always capture 

Capture Sync and Direct 


QO. Wnput. ...tcniccinew chee anthesis default 
1 Output 
REServed. 9 icissscttiencssccestanienteecteavees always reads 0 
Capture CRTC Input Clock Mode 
OQ. Normal sss sag cazicxss ends ctassane aneseiuetnaye cies default 
1 Clock divided by 2 when in 8-bit pixel bus 
mode 
External CRTC Input Clock Mode 
0 Clock devided by 1 oo. eee default 


1 Clock devided by 2 
External Pixel Clock Mode 


O Clock devided by 1... eects default 
1 Clock devided by 2 

CRTC Mode 
O Targa Mode... eee eeseeeeeeeseeseeeeees default 
1 XPCV Mode 

MPEG2 Vsync Select 
O Original Vsync...... eee ee eeeeeeeeeeeeeees default 
1 Field ID 


VGA Extended Registers 


CRB1-B0 — Capture Horizontal Minify Factor............... RW 


VS. Reserved  cniikinkve. cies always reads 0 
14-10 Planar Capture FIFO Level (for both U and V) 
9-0 Capture Horizontal Minify Factor 


CRB3-B2 — Capture Vertical Minify Factor ...............06 RW 


VS” Reserved. stccdidncciistentseceetceastees always reads 0 
14-10 Planar Capture FIFO Threshold (for both U & V) 
9-0 Capture Vertical Minify Factor 


CRB5-B4 — DST Pixel Width Count ..............ccccsssssssssevees RW 
15-12 Reserved 
11-0 DST Pixel Width Count 


CRB7-B6 — DST Pixel Height Count..............ccccscsssssoseeees RW 


15-11 Reserved 
10-0 DST Pixel Height Count 


CRB8 — Capture FIFO Control 1 ..................ccccsssssssssesees RW 


7-6 Capture FIFO Page Break 
00 8 leveldefault 
O1 16 level 
1x 32 level 
5 Interlace Double Buffering 
O Disable .......e eee ececeeeeseceseeeeeeteeeesneeeseees default 
1 Enable 
4-0 Capture FIFO Level Control 
QO. Targa Mode iiiccs. cc. sccaseiests hiseessgetsecssene default 
1 XPCV Mode 


CRB9 — Capture FIFO Control 2 ................ccscscsssssssssesees RW 


7 ENNENZOOM 

6 Planar 422 Display 
Q. Disable. 2sssscsastieatessistesindetientestevtesieasccesees default 
1 Enable 

5 Planar Mode Window Indicator 

Indicate which window is in planar mode 
4-0 Capture FIFO Request Threshold Control 

O Targa Mode... eee eeeeeeeseeeeeeeeseeneees default 
1 XPCV Mode 
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7-6 Reserved, ass..cdtescisieenieavitciesensiss always reads 0 
5 Video WBUF Status ............cccsccssssssssssesssssesenseees RO 
Oo FED Pty... .cecesaessessaeesssed Sdetbavsanesesoeendeaneseeneaet default 
1 Notempty 
4 Second Aperture Direct Access (bypass video 
capture) 


3 = Interpolation Control 
2 Video Engine Clock Enable 


OP LOPE) -adecaceicdszecchstussdicasddivebeesseeccegiovexehess default 
1 On 

1 ‘—Filicker-Free Function 
Oo Di8abl@s vg sevsiendebassseescesesessxedadepesecegeaveveeets default 


1 Flicker-free when input is in interlace mode 
QO Reserved)  sisgcicnictnveascneicc always reads 0 


CRBF — Display Engine Flags 4................cssesssssssssssesesees RW 


7 Video Line Buffer Read Reset Select...... default = 0 
6-4 Window 2 Video Data Format 
O00 YUV 422 voice cccsssccseessssssesssseseeees default 
001 -reserved- 
010 RGB 16 
011 -reserved- 
1xx -reserved- 


3 Interpolation Bypass 1.0.0... ee default = 0 
2-0 Window 1 Video Data Format 
O00 YUV 422.00... eececeeceesceeeeeceeseeteeesenseeseeees default 
001 -reserved- 
010 RGB 16 


011 -reserved- 
1xx -reserved- 


VGA Extended Registers 


Digital TV Control Registers 


CRD3-D0 — VGA / Digital TV Sync Control 1................ RW 


31-27 Reserved 
26-16 Vertical Data Load 
15 VGA Slave Mode for DTV 


Oo - TISAI E saccccecevceitdeseSoeeiecsscesidcvdeaeesecssenveast default 
1 Enable 

14. H/V Data Load 
QO! “DiSable .fccccssdedcccsesesctszseasscsteessacesedeasvcense default 
1 Enable 

13. Digital Hsync Direction 
Qe. WU se sasecsseasetbegeb aves steastestascenpesenss Hinaes default 
1 Output 


12-9 Reserved 
8-0 Horizontal Data Load 


(see also CRD8, Digital TV Interface Control) 
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VGA Extended Registers - CRTC Shadow 


Read/Write of Shadow registers is controlled by extended 
register GR30[6] (port 3CE/3CF index 30h). If GR30[6]=1, 
read/write operations to CRTC indices 0, 3-7, 10-11, and 16 
are performed to the shadow registers instead of to the normal 
registers. Bit definitions for these registers are identical to the 
standard CRTC register set. 


CRO00 — Shadow Horizontal Total.................scccsccssscesseees RW 
CR03 — Shadow Horizontal Blank End .....................ss00+ RW 
CR04 - Shadow Horizontal Retrace Start.................00000 RW 
CR05 - Shadow Horizontal Retrace End ...................s00 RW 
CRO06 — Shadow Vertical Total ................secsssssssrssssseers RW 
CRO7 — Shadow Overflow .............csscsssessssssersssssssessssesseees RW 
CR10 - Shadow Vertical Retrace Start ...............0cse00 RW 
CR11 — Shadow Vertical Retrace End..................ssccesseee RW 


VGA Extended Registers 
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3D Graphics Engine Registers 


This section describes how to program the PLE133 graphics 

engine for different operations. When the Setup Engine is to 

be used, the following steps should be taken to perform the 

drawing functions: 

e Software sets up the drawing environment. 

e Software issues a drawing command. 

e Software continuously sends triangles to Setup engine. 

e Software sends a triangle with last flag set or a null 
triangle to Setup engine to signal end of operation. 


Revision 1.82 October 22, 2001 -105 


Operational Concept 


From a programmer’s point of view, operations that can be 

applied to the PLE133 fall into the following categories: 

e Reset: This operation resets the GE to default status. 

e Status: This operation returns the GE status. 

e Drawing Environment: The operations set environment 
for drawing. 

e Frame Buffer Control: The operations set control for the 
frame buffer. 

e Drawing: Draw an object. 

e Geometry Primitives: Describe a geometry primitive. 


Drawing Environment defines a set of conditions that decide 
the operations to be applied to each pixel. Drawing 
Environment operations are straight-forward. There is a group 
of registers that defines the drawing environment. By directly 
setting these registers, a program can control the drawing 
environment. 


Frame Buffer Control decides how to access the frame buffer. 
Like the Drawing Environment, there is a group of registers 
that define the frame buffer access. By directly setting these 
registers, a program can control frame buffer access. 


3D Graphics Engine Registers 
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Drawing 


Bitblt - Frame Buffer to Frame Buffer 


Blt operation may involve a pattern. If it does, and the pattern 
is stored in the frame buffer, the pattern parameters (P1, P2, 
P3) must also be set. The following registers must be set to 
provide the source and destination rectangles of blt: Ps1, Pdl, 
Ps2, and Pd2. These registers can be set in any order. If a 
register is set several times, only the last one is effective. 
After all the registers are set, the program starts blting by 
writing a blt command to Command Register. 


Bitblt - CPU to Frame Buffer 


The operation for blting from the CPU is similar to the blting 
from the frame buffer except that Psl and Ps2 are not needed 
and the data from the CPU must immediately follow the 
setting of the Command Register. 


For all commands that require data from the CPU, the 
command and data are considered atomic; i.e., the data should 
follow the command immediately and no other command or 
parameter can be placed in between. The data can be written 
to Data Register II] and IV. Alternatively, it can be written to 
a memory-mapped space designated by PLE133 apertures. 
The same rule applies to drawing text from the CPU to the 
frame buffer. 


Text 


Text glyph can be from the CPU or the frame buffer. When 
the glyph is from the CPU, the registers to be set are Pdl and 
Pd2 for text location. When the glyph is stored in the frame 
buffer, the registers to be set are Psl, Ps2, Pdl, and Pd2 to 
provide both the glyph and text locations. These registers can 
be set in any order. If a register is set several times, only the 
last one is effective. After all the registers are set, the program 
starts blting by writing a text command to Command Register. 


The major difference between text and Blt is that a text source 
data is 8-bit aligned while the bitblt is 64-bit aligned. That is, 
for text, each new line starts at the byte boundary, while for a 
bitblt, at the 64-bit boundary. 
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A Note on CPU as the Source of Operation 


Any operation that uses the CPU as the source of operation 
(such as the Blt shown in section x) requires the host CPU to 
feed data into data registers III and IV (BA+56 and 60). Since 
the PLE133 is using the 64-bit internal data path, any data (32- 
bit) from the CPU will be packed into 64-bit before use. 
Therefore, there are two registers for the CPU to write. These 
two registers are arranged as shown in the following diagram. 


Data Register IV Data Register III 
31 BA+60 ° 31 BA+56 J 


63 32 31 Oo 


Writing to Data Register IV triggers data in both registers to 
be sent to the engine for processing. However, the hardware 
may expose the two registers as a mapped space to save 
software from toggling between the two registers. 


Geometry Primitive 


To draw a geometry primitive, the host must issue a drawing 
command by writing to the Command Register first and then 
set up the geometry as described in later in this document. 
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Geometry Primitives 


The PLE133 supports the following geometry primitives: line, 
and polygon. Each geometry primitive can be further 
modified for 3D, shading, and texture mapping. A different 
mechanism, called sequential loading, performs the geometry 
primitive set up operation. 


Loading Mechanism 


There are two ways to set up a geometry primitive, random 
loading and sequential loading. Like the random access, the 
order is not important in random loading, but the address is. 
Writing to a certain address in the register space causes a 
certain pre-determined action. On the other hand, like 
sequential access, the order decides the data semantics in 
sequential loading. The PLE133 uses sequential loading in the 
Rasterization Engine and the Setup Engine. 


In the PLE133, parameters don’t have to be the fixed 
addresses. PLE133 parameters are treated as a data stream and 
interpreted based on the type of primitive. Parameters must be 
set in a stream as follows: 


Stream Bytes 0 4 4+P1 44P2 0 ae 4+Pn 


Data Stream Head Parameter1 Parameter2 Parameter3 — ------ Parameter n+1 


Pl is the number of bytes for parameter 1, P2-P1 for 
parameter 2, etc. 


For the Rasterization Engine, there are 9 kinds of parameters: 
Bresenham Edge, DDA Edge, Z, Texture, Perspective, Color, 
Specular/fog Start, Specular, and Fog. Parameters must 
appear in the following order: 


Edge(Major), Texture, Perspective, Color, Specular/fog Start, 
Specular, Fog, Z, Edge(Minor) 


There are two kinds of edges and only one kind can appear in 
a parameter stream. Bresenham Edge can only appear in 2D 
primitives (without values for iterators). 


For the Setup Engine, there is only one kind of parameter: 
vertex. However, each primitive could have one or three 
vertices. The size of each vertex is variable depending on 
triangle attribute. 


Only polygon and line primitives can use this sequential 
loading feature. In the following sections, each primitive is 
addressed in detail. 
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Polygon 


General polygons can only be drawn by directly using the 
Rasterization Engine. In the PLE133, all polygons must be Y- 
monolithic, meaning, when walking from the vertex with 
minimal Y to the vertex with maximum Y, the Y coordinates 
of the vertices are monolithically increased. A polygon is 
drawn by drawing a series of segments: 


0 Drawing Command (Polygon) 
1 Full Polygon Segment 


Polygon Segment (Full or Partial) 


Polygon Segment (Full or Partial) 


n Polygon Segment (Full or Partial) or a Null Primitive 


A partial segment consists of only one primitive type and one 
minor edge parameter. A full segment consists of one 
primitive type, edge parameter(s), and _ interpolation 
parameters (Z, color, texture, etc.). The rule is whenever a 
new major edge is in the segment a full segment must be used, 
otherwise a partial segment has to be used. 


Most bit fields in primitive type define the data to be loaded to 
Rasterization Engine. If the “Re-load” bit is set, they also 
define the data set to be passed to Pixel Engine. The primitive 
type of the first and only the first segment must have the “Re- 
load” bit set to signal Rasterization Engine the data set to be 
passed to Pixel Engine. The primitive type of the last and only 
the last segment must have the “Last” bit set to signal the end 
of the sequence. The last of the primitive can be a Null 
primitive (others must be polygon). Null primitive has no 
parameter. 


This mechanism can be used to draw a single polygon, as well 
as multiple polygons with the same attributes (e.g. 3D texture 
mapped). All that is required is that somewhere in the 
sequence we pass a full segment with starting edges of a new 
polygon. 
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The following example shows how to draw two shaded 
polygons. 


Drawing Command 

Full Segment including 

Primitive Type: Re-loading, Major & minor edge, color 
Major edge L1 

Color Parameter for L1 

Minor edge L2 


0 

1 

2 Partial Segment including 
Primitive Type: minor edge 
Minor Edge L3 

3 Full Segment including 
Primitive Type: Major edge, color 
Major Edge L4 
Color for L4 

4 Partial Segment including 
Primitive Type: Minor edge 
Minor Edge L5 


Full Segment including: 

Primitive Type: Major & minor edge, color, negative scan 
direction 

Major edge L6 

Color Parameter for L6 

Minor edge L7 

Partial Segment including: 

Primitive Type: Minor edge, “Last” 

Minor Edge L8 


L2 


L1 


L7 


Ls 
L4 (5 


The following sections are about complete segments (a full 
segment with both major and minor edges) with different 
attributes. A normal full segment may not have the minor 
edge parameter. A partial segment has no other parameters 
except the minor edge. 
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3-D 


Sequence 


2-D 
0 


Content 

Primitive Type 

Major Edge Parameter 
Minor Edge Parameter 


Texture Mapped 
Without perspective correction: 


| | PrimitiveType 
Major Edge Parameter 
2 


Texture Coordinate Parameter 
Optional Auxiliary Texture Data Parameter for 
linear interpolation 


Minor Edge Parameter 


Primitive Type 

Major Edge Parameter 

Texture Coordinate Parameter 
Auxiliary Texture Data Parameter 


Perspective Factor Parameter 
Minor Edge Parameter 


Shaded 


0 


Primitive Type 


1 Major Edge Parameter 


2 Color Parameter 
Alpha Parameter 


3 
Minor Edge Parameter 


3-D Texture Mapped 
Without perspective correction: 


1 Major Edge Parameter 
Texture Coordinate Parameter 
Optional Auxiliary Texture Data Parameter for 


linear interpolation 
Minor Edge Parameter 


With perspective correction: 


| Os PrimitiveType 
1 Major Edge Parameter 
2 Z Parameter 
3 Texture Coordinate Parameter 


Auxiliary Texture Data Parameter 
Minor Edge Parameter 
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3-D Shaded 


0 Primitive Type 
1 Major Edge Parameter 


3 Color Parameter 
4 Alpha Parameter (optional) 
Minor Edge Parameter 


Texture Mapped Shaded 
Without perspective correction: 


3 


Optional Auxiliary Texture Data Parameter for 
linear interpolation 


4 Color Parameter 
5 Minor Edge Parameter 


spective correction: 


Major Edge Parameter 


Texture Coordinate Parameter 
Auxiliary Texture Data Parameter 
Perspective Factor Parameter 
Color Parameter 

Alpha Parameter (optional) 


Minor Edge Parameter 


3-D Texture Mapped Shaded 


Without perspective correction: 


Texture Coordinate Parameter 

Optional Auxiliary Texture Data Parameter for 
linear interpolation 

Color Parameter 

Alpha Parameter (optional) 

Minor Edge Parameter 


With perspective correction: 


Z Parameter 
Texture Coordinate Parameter 


Perspective Factor Parameter 
Color Parameter 
Alpha Parameter (optional) 
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Triangle 


Triangles can be drawn using the Polygon Mechanism 
described above. Additionally, triangles can also be drawn by 
using the Setup Engine if they meet certain criteria. Triangles 
and polygons can also be freely mixed in a drawing sequence. 
The PLE133 supports stand-alone triangles as well as a 
triangle list in a sequence as follows: 


Each primitive consists of a triangle attribute and one or three 
vertices. The order of the data in each primitive is: Triangle 
Attribute, Vertex 0, Vertex | (optional), Vertex 2 (optional). 
Whether vertices 1 and 2 are to be loaded depends on the 
Triangle Attribute. Writing to BA+192 triggers a loading 
sequence in the Setup Engine. The order of the data in a 
vertex is: Z, RGBA, UV, W, XY. Not every one has to appear 
in every vertex. Whether a particular item is present in a 
vertex is decided by the Triangle Attribute. For example, the 
Data in a stream for a texture mapped triangle strip may look 
like: Triangle Attribute, UOVO, XOYO. 


Due to the limited precision of the setup engine, only triangles 
smaller than a certain size will be passed. Software will only 
pass triangles smaller than 64x128 or 128x64 to the hardware. 
Also, delta values of RGBAUVZ across a triangle will be less 
than 128. There is no limitation on the delta of W since it is 
impossible to exceed 1. 


Line 


Parameters for line primitives are very similar to their polygon 
counter-parts. The differences are as follows: 


There are only major edge parameters. 
All the dXm values (dRm, dUm, etc.) are ignored. 


The following example shows these differences for a texture 
mapped primitive: 


Polygon Content Line Content 
i. _@ -- 3 Drawing Command Drawing Command 
Primitive Type 


Primitive Type 
Major Edge 
Texture Parameter 


Major Edge 
Texture Parameter 
Minor Edge 


Using the same mechanism for multiple polygons, multiple 
lines can also be drawn by issuing one drawing command. 
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Synchronization 


Reset and status operations can be performed in any order and 
at any time including in the middle of another operation. 
However, be aware of the consequence (reset) and what to 
expect (status). 


Generally, Drawing Environment and Frame Buffer Control 
operations should be performed before the drawing operation 
to take effect. 


The primitive operation is considered atomic; i.e., no other 
operation (except for status and reset) can be performed inside 
a Geometry Primitive operation. 


Functional Blocks 


The PLE133 hardware is divided into 6 major functional 
blocks. They are: 


Bus Interface (BI) 

VGA core (VGA) 

Setup Engine (SE) 
Rasterization Engine (RE) 
Pixel Engine (PE) 
Memory Interface (MI) 


Each functional block conceptually works independently of 
other blocks. The term "Graphics Engine (GE)” indicates the 
combination of the Setup Engine, the Rasterization Engine, 
and the Pixel Engine. 


Bus Interface 


The bus interface block connects the AGP bus on one side and 
the GE and VGA on the other side. 
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Span Engine 


PS1, PS2, PD1, and PD2 are used in blt and text operations to 
define source and destination rectangles. 


GEbase + 0) - Parameter Source 1 ..sss+sssccsssssseeeeessseeeeesees RW. 
31-28 Reserved ounce ceeeeeeeeseeeeeeees always reads 0 
27-16 Y-coordinate Parameter Source 1 Start 

High 12 bits of parameter source | starting address in 
Y coordinate 
15-12 Reserved oo... eeeeeeeeeeeeeees always reads 0 
11-0 X-coordinate Parameter Source 1 Start 
Low 12 bits of parameter source | starting address in 
X coordinate 


GEbase + 4 - Parameter SOUrCE 2.....cssssccsssecesssecesseeesseeeee RW. 
31-28 Reserved on. eeeeseeeeeeeeees always reads 0 
27-16 Y-coordinate Parameter Source 2 Start 

High 12 bits of parameter source 2 starting address in 
Y coordinate 
15-12 Reserved oo... eeeeeeeeeees always reads 0 
11-0 X-coordinate Parameter Source 2 Start 
Low 12 bits of parameter source 2 starting address in 
X coordinate 


GEbase + 8 - Parameter Destination 1.................cccssssseee RW 


31-28 Reserved always reads 0 
27-16 Y-coordinate Parameter Destination 1 Start 
High 12 bits of parameter destination 1 starting 
address in Y coordinate 
15-12 Reserved ou. eeeeeeeeeeeeeees always reads 0 
11-0 X-coordinate Parameter Destination 1 Start 
Low 12 bits of parameter destination 1 starting 
address in X coordinate 


GEbase + C - Parameter Destination 2..............sesssessssseee RW 


31-28 Reserved oes eeeeeeees always reads 0 
27-16 Y-coordinate Parameter Destination 2 Start 
High 12 bits of parameter destination 2 starting 
address in Y coordinate 
15-12 Reserved oon. ee eeesseseeeeeeecseeees always reads 0 
11-0 X-coordinate Parameter Destination 2 Start 
Low 12 bits of parameter destination 2 starting 
address in X coordinate 
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Graphics Engine Core 


GEbase + 10 - Right View Display Base Address ........... RW 


31 Right View Active 
0 Inactive (use VGA style for display start 
ACALESS) ......cesccccecessseceesssceeecessseeceessnseeees default 
1 Active (use the base register address in this 
register for the display starting address) 
30-24 Reserved © ssccstsissesesstpiscesieeteesscceeest always reads 0 
23-0 Right View Display Starting Address 
Writing to this register sets Status Register bit-21 to 0. Later 
when the address is used to display a frame, the status bit is 
changed to 1. 


GEbase + 14 - Left View Display Base Address.............. RW 


31 Left View Active 
0 Disable (only Right View Display Starting 
Address is USEC) ..........cccccsscccceessseeeeeeenees default 
1 Enable (Right View Display Starting Address 
is used for the right view and this register for 
the left view; hardware will use these two 
addresses alternately) 
30-24 Reserved oui. eeeeeeeseeneeeeeees always reads 0 
23-0 Left View Display Starting Address 
Writing to this register sets Status Register bit-20 to 0. Later 
when the address is used to display a frame, the status bit is 
changed to 1. 
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GEbase + 18 — Block Write Start Address ..............s0se+ RW 
31 Linear Mode 

0 Filla rectangle area... ee eeeeeeeeeees default 


1 Filla linear area 
30-24 Reserved oo. eeeeeeeseeseeeeees always reads 0 
23-0 Starting Address (in multiples of 64 bytes) 


GEbase + 1C — Block Write Area / End Address ........... RW 


Rectangle Area Fill Mode 
31-28 Reserved oo. eeeeeeeeeeeeeeees always reads 0 
27-16 Height of the Area 
15-12 Reserved i.e eeeeeeeeeeees always reads 0 
11-0 Width of the Area (in bytes) 
Stride is Destination Stride in port 21COh 


Linear Area Fill Mode 
31-0 End Address (in multiples of 64 bytes inclusive) 


Writing to this register triggers a Memory Set operation. 
Color for this operation is specified in the Foreground register. 
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GEbase + 20 — Graphics Engine Status...........scccccccccsssees 


Writing to this register resets the GE. 
31 + Bresenham Engine Status 
0 Idle 
1 Busy 
30 Setup Engine Status 
0 Idle 
1 Busy 
29 SP/ DPE Status 
0 Idle 
1 Busy 
28 Memory Interface Status 
0 Idle 
1 Busy (access for screen refresh doesn’t count) 
27 Command List Processing Status 
0 Idle 
1 Busy 
26 Block Write Status 
0 Idle 
1 Busy 
25 Command Buffer Status 
0 Not full 
1 Full 
24 RESEKVEd — ~sszvevessese eds essescsestecieesszeetsess always reads 0 
23 PCI Write Buffer Status 
0 Empty 
1 Not empty 
22 Z Check Status 
0 Engine busy: All Z tests performed so far 
have failed in the command being executed. 
Engine idle: All Z tests performed in the last 
command have failed. 
1 Otherwise 
Logically, this bit is the OR of all Z test results 
performed in the latest command 
21 = Effective Status 
0 Current display base register is not yet 
effective (the frame is not displayed) 
1 Itis effective 
20 Left View Status 
0 Current display base register is not yet 
effective (the frame is not displayed) 
1 Itis effective 
19 Last View Displayed / Being Displayed 
0 Right View 
1 Left View 
18-11 Reserved oo... eeeeeeeees always reads 0 
10-0 Scan Line Currently Being Displayed 
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There are two input FIFOs to buffer data and commands from 
the host, the Command FIFO (8 levels deep) and the 
Bresenham FIFO (2 levels deep). Drawing commands, 
Drawing Environment, and Frame Buffer Control are routed 
through the Command FIFO. Primitive Type and Geometry 
Primitives are routed through the Bresenham FIFO. 
Commands in the Command FIFO don’t take effect until a 
prior command is executed or the task in progress is finished. 
Parameters in the Bresenham FIFO don’t take effect until a 
prior parameter is phased out (reaches the end of an edge). 


3D Graphics Engine Registers 


GEbase + 24 — Graphics Engine Control .............ccccccssees WO 


7 Reset 
O Normal operation 0.0... eee default 
1 Reset all internal registers and pointers. Reset 
is performed by setting this bit to | and then 


back to 0. 
6-4 Reserved oe eeeeseeeeeeeee always reads 0 
3-0 Debug Module Select ........00. ee default = 0 
Module to Debug GE Register 28 
000 None undefined 
001 Setup Engine SE Status 
010 Rasterization Engine RE Status 
O11 Pixel Engine PE Status 
100 Memory Interface MI Status 
101 Cmd List Ctrl Unit Cmd List Start Address 
110 Cmd List Ctrl Unit Cmd List End Address 
111 -reserved- n/a 
GEbase + 28 — Graphics Engine Debug...................ssseeee RO 


31-0 Engine Module Status 
(See register 24 bits 3-0 above) 
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GEbase + 2C — Graphics Engine Wait Mask .............0000 RW 


31-0 Wait Mask 

When writing to this register, hardware will monitor 
the value of M (Wait Mask & Status). If M is not 0, 
the Graphics Engine (including the RE, SE, PE, and 
MI) will not accept new registers from the host CPU 
or AGP bus. This register is cleared by the hardware 
when M = 0. Only bits 31-28, 26, 23, and 21-20 are 
effective (all other bits are ignored). 


3D Graphics Engine Registers 


VT8601A Apollo PLE133 


Graphics Engine Organization 


The PLE133 Graphics Engine consists of the following units: 
Setup Engine, Rasterization Engine, and Pixel Engine. These 
units are organized as follows: 


AGP 


Setup Engine 


Rasterization Engine 


Pixel Engine 


Memory Interface 
The interfaces among the components are: 


e AGP to Pixel Engine: Set drawing environment registers. 

e AGP to Rasterization Engine: Set primitives: edge 
walking, slopes. 

e AGP or Setup Engine: Set vertices, culling info. 

e Setup Engine to Rasterization Engine: Set primitives: 
edge walking, slopes. 

e Rasterization Engine to Pixel Engine: Pixel Data, 
addresses and coordinates. 

e Pixel Engine to Memory Interface: Addresses and 
coordinates, pixel data. 


Each unit performs the following functions: 


e Setup Engine: Back face culling, slope calculation. 

e  Rasterization Engine: Edge walking, color interpolation, 
Z, texture coordinates, perform perspective correction. 

e Pixel Engine: Generate addresses and coordinate for all 
memory accesses: read/write Z, read texture, read 
source/destination, write destination (draw buffer), 2-D 
functions, bi/tri-linear interpolation, blending and 
modulation, ROP, Z test, alpha test, transparency, etc. 
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When the Setup Engine is to be used, the following steps 
should be taken to perform drawing functions: 


e S/W sets up the drawing environment. 

e S/W issues a drawing command. 

e S/W continuously sends triangles to the Setup Engine (or 
primitives to the Rasterization Engine). 

e S/W sends a triangle with last flag set or a null triangle to 
the Setup Engine to signal the end of the operation (or its 
equivalent to the Rasterization Engine). 


Triangles sent to the Setup Engine can be interleaved with 
primitives sent to the Rasterization Engine in step 3 above. 


The Setup Engine uses the same _ sequential loading 
mechanism as in the Rasterization Engine. The order of 
loading is: Triangle Attribute, Vertex 0, Vertex 1 (optional), 
Vertex 2 (optional). Whether vertex | and 2 are to be loaded 
depends on the Primitive Type. Writing to BA+4Ch triggers a 
loading sequence to the Setup Engine. The order of data in a 
vertex is: RGBA, SrgbF, W, UV, Z, XY. Not every one will 
appear in every vertex. Whether a particular item will be 
present in a vertex is decided by the Triangle Attribute. For 
example, the data in a stream for a texture mapped triangle 
strip may look like: Triangle Attribute, UOV0, XOYO. 


GEbase + 2C — Setup Engine Statug...............ccccccsssssssesees RO 


31-0 Overflow Status 
This register records setup engine overflow status. For every 
triangle, the entire register is shifted left one bit with bit-0 then 
set to reflect whether the triangle has slope overflow. This 
register is usefuil for debugging purposes. This register 
resides in the VGA address space and is not decoded by the 
setup engine. 
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WAX 


Ddivering Value 


Setup Engine Registers 


GEbase + 30 — Setup Engine Primitive Attribute........... RW 


31 


30 


29 


28 


27 


26 


25 


24-20 
19-15 


14-7 


Z Parameter 
QO) sADSOMt cs ie. ciicciecsceciesecesesstesdascessesessenetveees default 
1 Present (Setup Engine calculates Z slope) 

Texture Parameter 
Oe cADSOME 2s /cicsc dees cksiedeieed testes cxaaatevior tees default 
1 Present (SE calculates Z slope) 

Perspective Factor Parameter 
Os sADS@itt ec. sceiceciccdescisiesesesseesaes cxsaeceedosneeates default 
1 Present (SE calculates W slope) 

Color Parameter 
OQ  ADSENE 0... eee eceteeesteeesseeeesseeessneeeseees default 
1 Present (SE calculates color slope) 

Specular Color Parameter 
OQ! -ADSOME ci sscsdsoccesscecss ieesdiacsscaeeesbecctelecsdoedss default 
1 Present (SE calculates specular slope) 

Fog Parameter 


! ADSOME i. corsscedeccacds chic cteavtianeesteteccasnceastas default 
1 Present (SE calculates fog slope) 

Step Mode 
QO ‘Disablesicscscuaciiendiiannienndiwen default 


1 Enable (SE will process the next primitive 
only when it finishes the current primitive. 
There is no parallelism between primitives) 


RReSCRVEG: | cesikivsisdsssexsessccseibieeiesede.ic5s always reads 0 
LOD Adjust ..00... cee eeeceeeseeeeeeeeeeeteeeeee default = 0 
3.2 signed # to be added to calculate the LOD value 

RRESCRVEG ccsbisdiisibesies cectsctsabetasdees cess always reads 0 
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6 Z Normalization (Setup Engine Only) 
OQ! DDISAD eee lieiccstvcdscaseccussedeteess weest iodine’ default 
1 Enable 
5 Flat Mode (applies to diffuse color, alpha, specular 
color, and fog) 
0 Smooth color or no COLL... eee default 
1 Flat color. SE sends only starting values to RE 
4 Full Vertex Info 
> DDISADIS sicsechesdioseseccessesteeiestsstentvesvextsacteass default 
1 Enable. Indicates that all vertex data are 
needed for the triangle. Software still needs to 
set bits 31-25. However in this case, the data 
order in a vertex is: X, Y, Z, W, RGBA, 
SrgbF, U, V. Even though the vertex actually 
contains all the data, software doesn’t 
necessarily set this bit. When this bit is not 
set, hardware decodes vertex data as described 
in the Vertex Register descriptions. 
3. Sub-Pixel Precision (Rasterization Engine Only) 


OQ) Disable sseses ic 2isidiasavicss Galatia eacsveeels default 
1 Enable 

2 ~~ Anti-Aliasing (RE Only) 
0 Disable (walk at pixel precision)............ default 


1 Enable (walk at sub-pixel precision) 
1 Auto Direction for Scan Line Ends (RE Only) 
QO Disable vasccnuiiaisck eel ase default 
1 Enable. Bits 31-2 must be 0. Scan order is 
passed to the Pixel Engine based on the 
comparison result of two end points instead of 
the bit in the Primitive Type register. 
Software should only use this bit for 2D 
polygons with Bresenham edge walking. 
0  Bresenham Edge Walking (RE Only) 


0 Use DDA to walk through edges............ default 
1 Use Bresenham algorithm to walk through 
edges 


This register is decoded by the Setup Engine and passed to the 
Rasterization Engine by the Setup Engine. This register and 
its equivalent part in the Rasterization Engine are “partially” 
pipelined in the sense that there are only two levels of pipe for 
this register in both engines while there are many levels for 
other data. The two levels are the decoding level and the 
execution level. Both the Rasterization Engine and the Setup 
Engine use this register to decide what kind of operation to 
perform and what kind of data stream to expect. It must be set 
before any parameter can be loaded. 
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GEbase + 3C —Setup Engine Primitive Type.................. WO 


Writing to this register signals the Graphics Engine to begin 
sequential loading. The engine will interpret the contents of 
this register and the Primitive Attribute register to decide the 
amount and types of parameters to expect. Like vertices, there 
is a FIFO for Triangle Attributes. The queue has three entries. 
Writing to this register adds it to the queue. The Setup Engine 
starts working whenever a triangle attribute is received and 
stops after it is finished processing a triangle with L = 1. 


31-30 Loading Target 
00 Rasterization Engine. Send bits 19-0 to the 
RE. Sequential loading data will also be sent 
to the: RE sos ciittibisiiiesei enn etinss default 
O01 Setup Engine. Send bits 29-0 to the SE. 
Sequential loading data will also be sent to the 
SE. Internally, a flag is set to prevent the SE 
from decoding the data and sending it to the 
RE. The SE will clear this flag when it is idle. 
1x -reserved- 
29 Null Primitive 
O Regular Primitive... eee default 
1 Null Primitive 
28 Last Primitive 
O Regular Primitive... eee default 
1 Last Primitive 
27-26 Culling Attribute (Setup Engine Target Only) 
00 No culling... eee eeseeeeeeeeereeeees default 
O01 Clockwise culling 
10 Counter-clockwise culling 
11 Noculling 
25 ReServed  seiisssecseseisseseseseseveeescesessies always reads 0 


24 (V2, VO) Edge Anti-Aliasing Flag............ default = 0 
23 (V1, V2) Edge Anti-Aliasing Flag ........... default = 0 
22 ~=(V1, V1) Edge Anti-Aliasing Flag ........... default = 0 


21 ~~‘ Full Vertices Information 
0 Partial Vertices Information. Two of the 
vertices are from the previous triangle. Only 
one vertex is to be loaded from the vertex 
queue to the working registers. .............. default 
1 All vertices are new. All three working 
registers are to be loaded from the vertex 
queue. 
20-19 Working Vertex Index 
Index of the working vertex that is to be replaced. 
This field is always 0 if F= 1. 
18-3 Reserved i.e eeeeceereeeeeeees always reads 0 
2 Debug Control 
0 Discard triangle on overflow ................. default 
1 Draw triangle on overflow 
1-0 Flat Color Vertex Index 
Vertex index for flat color (Index of vertex whose 
color is passed to the RE as the starting color) 
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Vertex Registers 


Inside the setup engine, one set of registers is provided to store 
the three vertices is is currently working on and an additional 
set is provided to store three pending vertices. Note that it 
doesn’t always require 3 vertices to define a triangle 
(depending on the Triangle Attribute Register, it may be either 
1 or 3 vertices). 


Vertex information includes coordinate, texture, color, and 
depth. Some may be absent in a data stream. If any appear in 
a vertex, they must be present in the following order: Color, 
Specular Color, W, U, V, Z, X, Y. The formats are shown 
below: 


Vertex Register 1 - Color Value 
31-24 Alpha Value 
23-16 Red Value 
15-8 Green Value 
7-0 Blue Value 


Vertex Register 2 - Specular Color Value 
31-24 Fog Value 
23-16 Specular Red Value 
15-8 Specular Green Value 
7-0 Specular Blue Value 


Vertex Register 3 - W Value 
31-0 Texture W Coordinate. 32-bit floating # in (0, 1.0) 


Vertex Register 4 - U Value 
31-0 Texture U Coordinate. 32-bit floating number 


Vertex Register 5 - V Value 
31-0 Texture V Coordinate. 32-bit floating number 


Vertex Register 6 - Z Value 
31-0 Z Coordinate. 32-bit floating number 


Vertex Register 7 - X Value 
31-0 X Coordinate. 32-bit floating number 


Vertex Register 8 - Y Value 
31-0 Y Coordinate. 32-bit floating number 


Floating Point Number Format 
All floating point numbers are converted by on-chip hardware 


into internal fixed point integer format. All floating point 
numbers are specified in IEEE 32-bit floating point number 
format (shown below): 


31 Sign 
30-23 Exponent (excess-127 format) 
22-0 Mantissa (fractional part of a number in “1.nn” 
format where the integer part is always 1) 
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Rasterization Engine Registers 


The major responsibilities of the Rasterization Engine are: 


@ Receive data from host: Set registers, sequential loading 
of parameters. 


@ Edge walking: Generate end points of polygon edges or 
pixels on a line. 


© Interpolation: Calculate values such as_ texture 
coordinates on a polygon / line. 
e Perspective correction: Perform perspective correction. 


In the PLE133, the Rasterization Engine performs color 
(including alpha) interpolation, texture coordinate (perspective 
corrected) generation, Z coordinate interpolation, and texture 
gradient (perspective corrected) calculations. 


Host access to the Rasterization Engine is by sequential writes 
to minimize AGP bandwidth requirements. This is not needed 
for the Setup Engine to access the Rasterization Engine. In 
addition, if sequential parameters were used to interface 
between the Setup Engine and the Rasterization Engine, it 
would incur extra cost for the Setup Engine to pack data and 
would also reduce performance. Therefore, the Setup Engine 
accesses working registers in the Rasterization Engine 
directly. To synchronize operation, hardware must wait until 
the Setup Engine becomes idle to accept data from the host to 
the Rasterization Engine. 
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Both Rasterization and Setup Engines share one interface to 
the AGP Write Buffer. The first reason is that both 
Rasterization Engine and Setup Engine use stream decoding to 
receive data from the host. Once they are inside a stream, they 
must act quickly to grab data to prevent other components 
from taking the data. Having two stream decoders in the 
graphics engine is a potential source for problems. The 
second reason is that both the Rasterization Engine and Setup 
Engine handle the same types of data. Coupling them tightly 
makes the design easier and reduces problems that arise from 
synchronization. The third reason is for better synchronization 
between the two engines. 


The engine interfaces to the host through both random access 
registers and sequential loading. There are two random access 
registers: Primitive Attribute and Primitive Type. The 
Primitive Attribute register consists of most parameter 
information from the Rasterization Engine’s Primitive Type 
and the Setup Engine’s Triangle Attribute register. 


The address space that can be used by sequential loading 
parameters is from Base Address + 40h to Base Address + 
FFh. Software should not use addresses outside this space for 
parameters. Sequential loading must use the address in this 
space starting at 0x40H in ascending order. For example, 
the first address must be 40h, the next must be 44h, etc. In 
order to give time to notify the other component to stop 
decoding, address 40h is exclusively reserved for sequential 
loading. 
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GEbase + 30 — RE Primitive Attribute...................+22:2-eRW. 
31 Z Parameter 
(AND Smits cass cass ibcdeva iia tevescldcecali inate ceaeees default 
1 Present (Rasterization Engine calculates Z 
slope) 
30 Texture Parameter 
OAD SSritieicsass cad bcateets cies: eelblacsate Gaasielidaiees default 
1 Present (RE calculates texture info) 
29 ‘Perspective Factor Parameter 
Q) ADSStt i. ccis.isdlctsees cas a ieaceals Gass astaeses default 
1 Present (RE performs perspective correction) 
28 Color Parameter 
O- “ADSENE si. css cde sete ssectiar das eteetie eee default 
1 Present (RE calculates Gouraud color 
(RGBA)) 
27 Specular Color Parameter 
OQ ADSONL wiiis ci cidie scien cist eteeediaecaentins default 
1 Present (RE calculates specular color) 
26 Fog Parameter 
QO.  ADSONbecies.ceiseccssestiay. det iacteoeteassatceeatias default 
1 Present (RE calculates fog) 
25 Step Mode 
O) WDISable:: ccsscoxavecedecsrenensesseaz.c2 canetgesesacaedves default 
1 Enable (RE will process the next primitive 
only when it finishes the current primitive. No 
parallelism exists between primitives) 
24-20 Reserved i.e ceeeceeeseeseeeeeees always reads 0 
19-15 LOD Adjust .00... ee ceeeeneeeeeeeneeeees default = 0 
3.2 signed # to be added to calculate the LOD value 
14-7 Reserved oi. eceeeeeeeeeeeees always reads 0 
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6 Z Normalization (Setup Engine Only) 
OQ! DISAB leaf iviccstvcdscaseccussedeivess wrsezi iedeteste’ default 
1 Enable 
5 Flat Mode (applies to diffuse color, alpha, specular 
color, and fog) 
0 Smooth color or no COLL... eee default 
1 Flat color. RE forces deltas to 0. 
4 Full Vertex Info 
OQ: DDISADIS sscsecsesceoret edivesactectsatasaterttestectsaseaed default 
1 Enable. Indicates that all vertex data are 
needed for the triangle. Software still needs to 
set bits 31-25. However in this case, the data 
order in a vertex is: X, Y, Z, W, RGBA, 
SrgbF, U, V. Even though the vertex actually 
contains all the data, software doesn’t 
necessarily set this bit. When this bit is not 
set, hardware decodes vertex data as described 
in the Vertex Register descriptions. 
3. Sub-Pixel Precision (Rasterization Engine Only) 
OQ) Disable sseses ic 2isidiasavicss Galatia eacsveeels default 
1 Enable 
2 ~~ Anti-Aliasing (RE Only) 
0 Disable (walk at pixel precision)............ default 
1 Enable (walk at sub-pixel precision) 
1 Auto Direction for Scan Line Ends (RE Only) 
Q Disable ssi sss: ekinien acai default 
1 Enable. Bits 31-2 must be 0. Scan order is 
passed to the Pixel Engine based on the 
comparison result of two end points instead of 
the bit in the Primitive Type register. 
Software should only use this bit for 2D 
polygons with Bresenham edge walking. 
0 Bresenham Edge Walking (RE Only) 


0 Use DDA to walk through edges default 
1 Use Bresenham algorithm to walk through 
edges 


This register is decoded by the Setup Engine and passed to the 
Rasterization Engine by the Setup Engine. This register and 
its equivalent part in the Rasterization Engine are “partially” 
pipelined in the sense that there are only two levels of pipe for 
this register in both engines while there are many levels for 
other data. The two levels are the decoding level and the 
execution level. Both the Rasterization Engine and the Setup 
Engine use this register to decide what kind of operation to 
perform and what kind of data stream to expect. It must be set 
before any parameter can be loaded. 
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GEbase + 3C — RE Primitive Type.............cscccsssssssssssesees WO 


Writing to this register signals the Graphics Engine to begin 
sequential loading, but doesn’t cause anything to be drawn.. 
The engine will interpret the contents of this register and 
decide the amount and types of parameters to expect. 


31-30 Loading Target 
00 Rasterization Engine. Send bits 19-0 to the 
RE. Sequential loading data will also be sent 
to the: RE esis isc tsstscidssistialaiescciniieacedetens default 
O01 Setup Engine. Send bits 29-0 to the SE. 
Sequential loading data will also be sent to the 
SE. Internally, a flag is set to prevent the SE 
from decoding the data and sending it to the 
RE. The SE will clear this flag when it is idle. 
1x -reserved- 
29 Null Primitive 
O Regular Primitive... eee default 
1 Null Primitive 
28 Last Primitive 
O Regular Primitive... eee default 
1 Last Primitive 
27-26 Operation Code (RE Target Only) 
OO Dane sivieciiecstinsnnwendaeines default 
Ol Polygon 
1x -reserved- 
25 Major Edge Parameter 
0 Parameter is Absent (parameter stream doesn’t 
include values for the iterators) ............. default 
1 Parameter is Present (parameter stream also 
includes values for the iterators) 
24 Major Edge Anti-Aliasing 
0 Don’t anti-alias major edge... default 
1 Anti-alias major edge (effective only if E = 1) 
23 Minor Edge Parameter 


O” ZADSCME sercivivesecevlecesvaccevacesedeeaneieecescteetves default 
1 Present 

22 Minor Edge Anti-Aliasing 
0 Don’t anti-alias minor edge... default 


1 Anti-alias minor edge (effective only if M = 1) 
21 Scan Direction 


0 Positive (Major edge = left edge). ......... default 
1 Negative (Major edge = right edge) 
20-16 Reserved ou... eeeeeeeseeneeeeeees always reads 0 
15-0 End Coordinate .....00..0.. eee default -= 0 


End coordinate of the primitive (inclusive). 12.4 
signed integer. 
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Bresenham Edge Parameters 
Bresenham Edge parameters describe an edge of a primitive or 
a line. 


DoubleWord 0 — Start Coordinates 

31-16 Start YS1 
Starting coordinate of the line in the Y direction 
(signed 12.4 number). The fractional part must be 0. 
This parameter is ignored in minor edges. 

15-0 Start XS1 
Starting coordinate of the line in the X direction 
(signed 12.4 number). The fractional part must be 0. 


DoubleWord 1 — Drawing Direction / Bresenham Constant 
31 YS Drawing Direction 


0 Positive 
1 Negative 
30 XS Drawing Direction 
0 Positive 
1 Negative 
29 Swap 


0 Normal (X/ Y not swapped) 

1 X/Y swapped 
28-16 Bresenham (or Modified) Constant 
TWS-13 Reserved weicesssecscccesecussescensecisiaeesidsccnet east ignored 
12-0 Bresenham (or Modified) Constant 


DoubleWord 2 - Error Term / Strip Length 
31-29 Reserved o.......ecceeeeeeeee must be written as zero 
28-16 Initial Error Term 
15-12 Reserved ........ccceeeeee must be written as zero 
11-0 Strip Length 
Strip length of modified Bresenham line. 
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DDA Edge Parameters 
DDA Edge parameters describe an edge of a primitive or a 
line. 


DoubleWord 0 — Start Coordinates 

31-16 Start YS1 
Starting coordinate of the line in the Y direction 
(signed 12.4 number). The fractional part must be 0. 
This parameter is ignored in minor edges. 

15-0 Start XS1 
Starting coordinate of the line in the X direction 
(signed 12.4 number). The fractional part must be 0. 


DoubleWord 1 — Drawing Direction / Edge Slope 
31 YS Drawing Direction 


0 Positive 
1 Negative 
30 XS Drawing Direction 
0 Positive 
1 Negative 
29 Swap 


0 Normal (X/ Y not swapped) 
1 X/Y swapped 
28-26 Reserved o...eccceccccseeeescesesseeeeeeseeseeeeeees ignored 
25-0 Edge Slope 
12.14 signed number 


When a DDA edge is used as a polygon boundary, the 
fractional bits should round up to the next integer. 
Interpolation values should be adjusted accordingly. DDA 
edge walking shares the same logic as Bresenham edge 
walking by using an error advance method. In DDA walking, 
fractional bits should be rounded up to the next integer. 
Rounding up is performed by changing drawing convention 
according to whether the fractional parts are 0 as follows: 


e = Left fractional is 0: Left inclusive. 
e —_ Left fractional is not 0: Left exclusive. 
e Right fractional is 0: Right exclusive. 


e Right fractional is not 0: Right inclusive. 


Because the error advance method is used for DDA walking, 
the fractional part is always one step ahead of the coordinate. 
For the starting point of a line, the fractional part is assumed to 
be 0. 
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Color Parameters 

Color parameters are used for Gouraud shading. They consist 
of starting values, incremental along the X and Y axis. In flat 
color mode, this parameter only has the starting value. 


DoubleWord 0 — Initial Values 
31-24 Initial Alpha Value 
Initial Alpha value on main edge (left edge of 
trapezoid or long edge of triangle). Unsigned integer. 
23-16 Initial Red Value 
Initial Red value on main edge (left edge of trapezoid 
or long edge of triangle). Unsigned integer. 
15-8 Initial Green Value 
Initial Green value on main edge (left edge of 
trapezoid or long edge of triangle). Unsigned integer. 
7-0 Initial Blue Value 
Initial Blue value on main edge (left edge of 
trapezoid or long edge of triangle). Unsigned integer. 


DoubleWord 1 — X-Axis Blue Gradient 
31-0 X-Axis Blue Gradient 
Gradient of Blue along the X axis over the primitive 
surface. Signed 20.12 number. 
DoubleWord 2 — Y-Axis Blue Gradient 
31-0 Y-Axis Blue Gradient 
Gradient of Blue along the Y axis over the primitive 
surface. Signed 20.12 number. 


DoubleWord 3 — X-Axis Green Gradient 
31-0 X-Axis Green Gradient 
Gradient of Green along the X axis over the primitive 
surface. Signed 20.12 number. 
DoubleWord 4 — Y-Axis Green Gradient 
31-0 Y-Axis Green Gradient 
Gradient of Green along the Y axis over the primitive 
surface. Signed 20.12 number. 


DoubleWord 5 — X-Axis Red Gradient 
31-0 X-Axis Red Gradient 
Gradient of Red along the X axis over the primitive 
surface. Signed 20.12 number. 
DoubleWord 6 — Y-Axis Red Gradient 
31-0 Y-Axis Red Gradient 
Gradient of Red along the Y axis over the primitive 
surface. Signed 20.12 number. 


DoubleWord 7 — X-Axis Alpha Gradient 
31-0 X-Axis Alpha Gradient 
Gradient of Alpha along the X axis over the primitive 
surface. Signed 20.12 number. 
DoubleWord 8 — Y-Axis Alpha Gradient 
31-0 Y-Axis Alpha Gradient 
Gradient of Alpha along the Y axis over the primitive 
surface. Signed 20.12 number. 
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Z Value Parameters 

To the Rasterization Engine, the Z value is always a 25.8 
signed integer internally regardless of Z buffer depth. It 
always passes a 24-bit unsigned integer to the Pixel Engine. It 
is the Pixel Engine’s responsibility to scale Z to the depth of 
the Z buffer. Z parameters are used to calculate depth 
information. Z values consist of starting values, incremental 
along the X and Y axis. 


DoubleWord 0 — Initial Z Value 


31-0 Initial Z Value 
Initial Z value on main edge (left edge of trapezoid or 
long edge of triangle). Signed 25.7 integer. 


DoubleWord 1 — X-Axis Z Gradient 


31-0 X-Axis Z Gradient 
Gradient of Z along the X axis over the primitive 
surface. Signed 25.7 number. 


DoubleWord 2 — Y-Axis Z Gradient 


31-0 Y-Axis Z Gradient 
Gradient of Z along the Y axis over the primitive 
surface. Signed 25.7 number. 


DoubleWord 3 — Minimum Z Threshold 


SU-24 Reserved. cccscssciesesdasascdissecessestioasecsticeeanasteses ignored 
23-0 Minimum Z Threshold 
Minimum of Z threshold. Unsigned 24-bit integer. 


DoubleWord 4 — Maximum Z Threshold 


SU=s24 Reserved is cssecsiesccsecssesivessessessastesveveceosgeevsts ignored 
23-0 Maximum Z Threshold 
Maximum of Z threshold. Unsigned 24-bit integer. 
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Texture Coordinate Parameters 
Texture parameters are used for texture mapping. They 
consist of starting values, incremental along the X and Y axis. 


DoubleWord 0 — Initial U Value 


31-0 Initial U Value 
Initial U value on main edge (left edge of trapezoid 
or long edge of triangle). Signed 16.16 integer. 


DoubleWord 1 — Initial U Value 


31-0 Initial U Value 
Initial U value on main edge (left edge of trapezoid 
or long edge of triangle). Signed 16.16 integer. 


DoubleWord 2 — X-Axis U Gradient 


31-0 X-Axis U Gradient 
Gradient of U along the X axis over the primitive 
surface. Signed 16.16 number. 


DoubleWord 3 — Y-Axis U Gradient 


31-0 Y-Axis U Gradient 
Gradient of U along the Y axis over the primitive 
surface. Signed 16.16 number. 


DoubleWord 4 — X-Axis V Gradient 


31-0 X-Axis V Gradient 
Gradient of V along the X axis over the primitive 
surface. Signed 16.16 number. 


DoubleWord 5 — Y-Axis V Gradient 


31-0 Y-Axis V Gradient 
Gradient of V along the Y axis over the primitive 
surface. Signed 16.16 number. 
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Perspective Factor Parameters 
Perspective factor parameters are used for perspective 


corrected texture mapping. They consist of W starting values 
incremental along the X and Y axis. 


DoubleWord 0 — Initial W Value 


31-0 Initial W Value 
Initial W value on main edge (left edge of trapezoid 
or long edge of triangle). Signed 4.28 integer. 


DoubleWord 1 — X-Axis W Gradient 


31-0 X-Axis W Gradient 
Gradient of W along the X axis over the primitive 
surface. Signed 4.28 number. 


DoubleWord 2 — Y-Axis W Gradient 


31-0 Y-Axis W Gradient 
Gradient of W along the Y axis over the primitive 
surface. Signed 4.28 number. 
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Specular / Fog Start Value 
The specular / fog start value is used for specular shading or 


fogging. 


DoubleWord 0 — Start Value 

31-24 Initial Fog Value 
Initial Fog value on main edge (left edge of trapezoid 
or long edge of triangle). Unsigned integer. 

23-16 Initial Red Value 
Initial Red value on main edge (left edge of trapezoid 
or long edge of triangle). Unsigned integer. 

15-8 Initial Green Value 
Initial Green value on main edge (left edge of 
trapezoid or long edge of triangle). Unsigned integer. 

7-0 Initial Blue Value 
Initial Blue value on main edge (left edge of 
trapezoid or long edge of triangle). Unsigned integer. 


Specular Parameters 

Specular parameters are used for specular shading. These 
parameters are not present in flat color mode and consist of 
starting values incremental along the main direction ((dx, dy) 
= (M1, 1)), and incremental along the X axis. 


DoubleWord 0 — X-Axis Blue Gradient 


31-0 X-Axis Blue Gradient 
Gradient of Blue along the X axis over the primitive 
surface. Signed 20.12 number. 


DoubleWord 1 — Y-Axis Blue Gradient 


31-0 Y-Axis Blue Gradient 
Gradient of Blue along the Y axis over the primitive 
surface. Signed 20.12 number. 


DoubleWord 2 — X-Axis Green Gradient 


31-0 X-Axis Green Gradient 
Gradient of Green along the X axis over the primitive 
surface. Signed 20.12 number. 


DoubleWord 3 — Y-Axis Green Gradient 


31-0 Y-Axis Green Gradient 
Gradient of Green along the Y axis over the primitive 
surface. Signed 20.12 number. 


DoubleWord 4 — X-Axis Red Gradient 
31-0 X-Axis Red Gradient 
Gradient of Red along the X axis over the primitive 
surface. Signed 20.12 number. 
DoubleWord 5 — Y-Axis Red Gradient 
31-0 Y-Axis Red Gradient 
Gradient of Red along the Y axis over the primitive 
surface. Signed 20.12 number. 
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Fog Parameters 
Fog parameters are used for fogging. These parameters are 


not present in flat color mode and consist of starting values 
incremental along the X and Y axis. 


DoubleWord 0 — X-Axis Fog Gradient 
31-0 X-Axis Fog Gradient 
Gradient of Fog along the X axis over the primitive 
surface. Signed 20.12 number. 
DoubleWord 1 - Y-Axis Fog Gradient 
31-0 Y-Axis Fog Gradient 
Gradient of Fog along the Y axis over the primitive 
surface. Signed 20.12 number. 
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Pixel Engine Registers 


The major responsibilities of the Pixel Engine are to perform 
per-pixel operations and to control data flow and its sequence. 


The Pixel engine interfaces to the Rasterization Engine and the 
host to accept data. It also interfaces to the Memory Interface 
to access video memory. Inside the Pixel Engine, there are 
several blocks: the Span Engine, the Data Path, and the 
Texture Engine. Operation of the Data Path and the Texture 
Engine are under control of the Span Engine. The Memory 
Interface accepts memory access requests from the Pixel 
Engine, translates the address into a linear address, and 
executes the requests. 


AGP 


F a 


Memory Interface 


The 0 - FFh “Engine” register address space is partitioned 
into six sections: 


0 - OFh Span Engine 
10 - 2Fh VGA core 
30 - 3Fh Unified Rasterization and Setup Engines 
44 - 9Fh Pixel Engine 
AO-—AFh Texture Engine 
BO — BFh Command List Control Unit 
CO-—FFh Memory Interface 
Addresses 40h - FFh are also used for sequential loading 
overlapping with other registers in this space. Addresses 
10000 - 1FFFFh are used as a data port area. 
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Data from the Host 


The Pixel Engine can accept data from the host through either 
the 32-bit data port register at 9Ch or data in the Ixxxh 
address space. Software passes only enough DWORDs to 
hardware. Software doesn’t pack data to 64-bit 
boundaries. It only packs to 32-bit boundaries. For bitblts, 
packing is done per-scanline. I.e., for every scanline, the host 
will send just enough DWORDs to the engine. For text, 
packing is done per-command. lLe., the scanline may be 
broken inside a DWORD. For a string of texts, the number of 
DWORDs of data passed to the Graphic Engine can be odd 
numbers except for the last character. For the last character, 
software should pass either an even number of DWORDs (by 
padding a garbage DWORD as necessary) or by setting a 
drawing environment register after all data is sent. 
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GEbase + 44 — Drawing Command ..............scccccssssssseeeeees RW 


Writing to the Drawing Command register starts a drawing 
operation. When this register is set, the drawing environment 
registers and memory interface registers are locked in. Any 
change to these registers will not affect this drawing operation. 
Furthermore, the Pixel Engine will not accept any data from 
the host or from the Rasterization Engine without a drawing 
command. After a drawing command is issued, the Pixel 
Engine will selectively accept data from the host or 
Rasterization Engine depending on the command. 
Specifically, the Pixel Engine only accepts data from the host 
if the command is text or blt and the BS field indicates the 
source is from the host. The Pixel Engine only accepts data 
(scanlines, Z, color, etc.) from the Rasterization Engine if the 
command is line or polygon. 


31-28 Operation Code 
OOOO Null Comman]d.............cecceeesceeesteeeeseees default 
0001 -reserved- 
0010 Line 
0011 -reserved- 
O1xx -reserved- 
1000 Bit-Blt (see note below) 
1001 Text (see note below) 
1010 (See BitBIt) 
1011 Trapezoid / Polygon 
1100 (See Bit Blt) 
1101 (See Text) 
1110 Trapezoid / Polygon 
1111 -reserved- 

Note: for Text and BitBlt opcodes, bit 29 indicates 
whether the PE can accept data from the host 
while bit-30 indicates whether the PE can 
accept data from the RE. 

27 Line Style 
0 No style, solid line, or other operation (blt, 
polygon, text) 
1 Style line 
26 Z Operations 
0 Disable Z operations (must be 0 for text, blt) 
1 Enable Z operations 
25 = Alpha Test 
0 Disable (must be 0 for text) 
1 Enable 
24 Texture Function 
0 Disable (must be 0 for bit, text) 
1 Enable 
23 +=Alpha Blending 
0 Disable (must be 0 for text) 
1 Enable 
22 Specular Color 
Q Disable (must be 0 for bit, text) 


1 Enable 
21 = Fog 
Q Disable (must be 0 for bit, text) 
1 Enable 
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20 Source Color Expansion 

0 Disable 

1 Enable (bits 26-21 must be 0) 
19 Source Color 

0 Transparent (applies to mono source and 
constant color line) 

1 Opaque (should be enabled for any operation 
with a “solid Source’, such as Gouraud 
shading, constant color fill, color to screen bit, 
texture mapping, etc.) 

18-17 Source Surface ID 
16-15 Destination Surface ID 
14-12 Source Offset 
Mono source pixel offset. Bit-19 must be 1. 
11. Double Specular Color 

0 Disable 

1 Enable. Specular color (RGB) is doubled 
before being added to diffuse color. 

10 Texture Transparency 
0 Disable texture color key 
1 Enable texture color key 
9 Lit-Texture 


0 Disable 
1 Enable 
8 Dither 
0 Disable 
1 Enable. Use 4x4 dither matrix (including fog 
and alpha) 
7 Source Color Key 
0 Disable 


1 Enable (Key is FG) 
6 Destination Color Key 


0 Disable 

1 Enable 
5 Bit Mask 

0 Disable 

1 Enable 
4 ROP 

0 Disable 

1 Enable 


3-2 Blt Source or Constant Color Line or Polygon 
00 Source from host (bits 26-20 must be 0 for bit) 
01 Source from frame buffer 
10 Source is constant (FG). Includes constand 
line and constant polygon. 

11 Block write fill 

This field must be set to 00 for text / line / polygon. 

1 ‘Bit Direction (BLT Only) 

0 Positive direction in X and Y 
1 Negative direction in X and Y 

Must be set to 0 for polygons, lines, and text. 


0 Clipping 
0 Disable 
1 Enable 
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GEbase + 48 — Raster Operation (ROP 


31-8 Reserved 
7-0 ROP3 Code 
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31 
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Z-Bias 

0 Disable 

1 Enable 
Reserved 
Z-Bias Value 
Test Alpha 

0 Disable 

1 Enable 
Z-Buffer Write 

0 Disable 

1 Enable 
Reserved 
Z-Buffer Compare 

000 Compare False. Z and RGB values will not be 

written to memory. 
Compare Less Than. Z and RGB values will 
be written to memory if the current Z value is 
less than the Z value in memory. 
Compare Equal. Z and RGB values will be 
written to memory if the current Z value is 
equal to the Z value in memory. 
Compare Less Than or Equal. Z and RGB 
values will be written to memory if the current 
Z value is less than the Z value in memory. 
Compare Greater Than. Z and RGB values 
will be written to memory if the current Z 
value is greater than the Z value in memory. 
Compare Not Equal. Z and RGB values will 
be written to memory if the current Z value is 
not equal to the Z value in memory. 
Compare Greater Than or Equal. Z and RGB 
values will be written to memory if the current 
Z value is greater than or equal to the Z value 
in memory. 
Compare True. Z and RGB values will be 
written to memory. 


always reads 0 


001 


010 


O11 


100 


101 


110 


111 
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GEbase + 50 — Texture Function 
31-22 Maximum U 
21-12 Minimum U 

11-5 Reserved 


4 Mask 
0 Disable 
1 Enable 


3-2 Texture Alpha 
00 Texel alpha 
O01 Source alpha 
10 Modulated alpha: texel alpha x source alpha 
11 -reserved- 
1-0 Texture Color 


00 Texel color 
01 Source color 
10 Modulated color: texel color x source color 
11 -reserved- 
GEbase + 54 — Clipping Window 0.............cssccccsssssssssseeees RW 


31-28 Reserved 


always reads 0 


27-16 Clipping Window Top ................. eee default = 0 
15-12 Reserved oo... always reads 0 
11-0 Clipping Window Left .....00..0 default = 0 
GEbase + 58 — Clipping Window 1..................sccssessseeeee RW 


31-28 Reserved 


always reads 0 


27-16 Clipping Window Bottom ..................0.... default = 0 

15-12 Reserved oo... eeeeeeeeeeeeeees always reads 0 

11-0 Clipping Window Right .......0.000 default = 0 
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GEbase + 60 — Color 0 (Foreground 


31-0 Foreground Color Value 


GEbase + 64 — Color 1 (Background 


31-0 Background Color Value 


Note: In 16- and 8- bit modes, the color must be duplicated to 
fill an entire 32-bit word. 32-bit color is in ARGB format 
(i.e., Alpha, Red, Green, and Blue in bytes 3-0 respectively) 
and 16-bit color is in RGB 565 format (5 bits of Red, 6 bits of 
Green, and 5 bits of Blue). 


GEbase + 68 — Color Ke 


31-26 Reserved 


25 Destination Polarity 
0 Draw on Equal 
1 
24 Source Polarity 
0 Draw on Equal 
1 
23-0 Destination Color Key Color 


Unlike foreground and background, the color is not 
replicated in 16-bit or 8-bit modes. 
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GEbase + 6C — Pattern and Style ...............cccccsssssssseseeees RW 


31 ~+Pattern Color Expansion 
Q Disablesicc.ceuaiinnckalncciienine: default 
1 Enable 

30 ~=Pattern Transparency 
Q. Opaque sii. cssienicicinscce ied default 


1 Transparent 
29 Pattern Size 
O 8x8 pixels eee eeeeeeeneee default 
1 32x 32 pixels (mono only) 
28 ~=Pattern Register Segment 
O Low Segment .00.... eee eeeereeteees default 
1 High Segment 
Note: The pattern cache is divided into two segments 
for double pattern purposes. This bit serves two 
purposes: First as the starting segment for loading a 
pattern into the pattern cache, the corresponding 
address is latched into an internal register which will 
automatically increase by one when data is loaded. 
Second as the segment base of the current pattern 
when applying a pattern. 
27-24 Reserved o..cececeeeeeeseeeseeseeeeeees always reads 0 
23-16 Pattern Style Step 
The # of pixels each mask bit should be mapped to: 
00 1 Pixel per mask Dit... ee default 
Ol 2 pixels per mask bit 
02 3 pixels per mask bit 


FF 256 pixels per mask bit 
15-0 Pattern Style Mask 
Determines the line drawing style (e.g., dotted line). 
Bit-O maps to the first pixel. Writing to the low byte 
of ths register (GEbase + 6C) causes the internal style 
count to be reset to 0. When 3D operations are 
enabled (smooth shading, texture, Z), style line must 
be transparent and style applies to color as well as Z. 


GEbase + 70 — Pattern Color...........ccccccccccssssssscssssscsseseeees RW 


31-0 Pattern Color Value 
Must follow the command. The pattern data could be 
repeated up to 64 times to fill out the pattern register 
file. 
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GEbase + 74 — Pattern Foreground Colr............sssscccee RW 


31-0 Foreground Color Value...................00 default = 0 


GEbase + 78 — Pattern Background COolr............sesssee RW 


31-0 Background Color Value..................0. default = 0 


Note: In 16- and 8- bit modes, the color must be duplicated to 
fill an entire 32-bit word. 32-bit color is in ARGB format 
(i.e., Alpha, Red, Green, and Blue in bytes 3-0 respectively) 
and 16-bit color is in RGB 565 format (5 bits of Red, 6 bits of 
Green, and 5 bits of Blue). 
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GEbase + 7C — Alpha...........cscccccsssssssssssssssssssssssccssssccsesseees RW 


31-16 Reserved 
15-8 Source Constant Alpha 
7-0 Destination Constant Alpha 


GEbase + 84 — Bit Mask. .........ccccccsssssssssssssssssscsssssssscesesseees RW 


31-0 Bit Mask 
One bits indicate that the corresponding color bit will 
not be written to the frame buffer. 
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GEbase + 80 — Alpha Function .............ccccccccssssssssssssssseees RW 


31-24 Reserved 
23 Alpha Write 
O- Disablesscices: aie aace el: default 
1 Enable. Draw each pixel with a blended alpha 
value if alpha blending is enabled. Otherwise 
draw with source alpha (the upper byte of the 
Foreground Color register if not available). 
This bit should be set in 8-bit and 16-bit color modes. 
22 Constant Source Alpha 
Q Disable: scccsce.desicseecieciiacensstntaeie default 
1 Enable 
21 Constant Destination Alpha 
O.. (Disable: ccs sscis ccsecissacee heey se default 
1 Enable 
20 Result Alpha 
O The result of blending «0... default 
1 Source alpha 
19-16 Alpha Test Function 
0000 Never accept the pixel 
0001 Accept if alpha< reference alpha 
0010 Accept if alpha == reference alpha 
0011 Accept if alpha <= reference alpha 
0100 Accept if alpha > reference alpha 
0101 Accept if alpha != reference alpha 
0110 Accept if alpha >= reference alpha 
0111 Always accept the pixel 
1xxx -reserved- 
15-8 Reference Alpha Value 
7-4 Destination Blending Factor 
0000 (0,0,0,0) 
0001 (1,1,1,1) 
0010 (RS,GS,BS,AS) 
0011 (1,1,1,1) - (RS,GS,BS,AS) 
0100 (AS,AS,AS,AS) 
0101 (1,1,1,1) — (AS,AS,AS,AS) 
0110 (AD,AD,AD,AD) 
0111 C,1,1,1) - (AD,AD,AD,AD) 
1xxx -reserved- 
3-0 Source Blending Factor 
0000 (0,0,0,0) 
0001 (1,1,1,1) 
OO1x -reserved- 
0100 (AS,AS,AS,AS) 
0101 (1,1,1,1) — (AS,AS,AS,AS) 
0110 (AD,AD,AD,AD) 
0111 C,1,1,1) -(AD,AD,AD,AD) 
1000 (RD,GD,BD,AD) 
1001 (1,1,1,1) - (RD,GD,BD,AD) 
1010 (F,F,F,1); F= min (AS, 1-AD) 
1011 -reserved- 
11xx -reserved- 
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Texture Engine Registers 


The texture Engine handles texture access and filtering. It is 
controlled by the Span Engine. It accepts texture coordinates 
from the Rasterization Engine, generates and passes addresses 
to the Memory Interface, accepts raw texel data from the 
Memory Interface, does filtering, and passes the results to the 
Data Path. 


GEbase + AO — Texture Control .............rsrcssesrrsrssesseeees RW. 
Textures are aligned to 64-bit boundaries on a scanline basis. 


31 Texture Access Control 
0 Disable (use cache) 
1 Enable (bypass cache) 
30 _~—sC Filtering Control 
0 Filter with color key. Treat alpha value for 
keyed texels as 0 
1 Downgrade filtering function based on 
fractional bits of UV and key test result. Set 
alpha to 0 for keyed texels. 
29-28 Texture U Boundary Checking Function 
00 Texture U wraparound 
01 Texture U mirroring 
10 Texture U clamping 
11 -reserved- 
27-26 Texture V Boundary 
00 Texture V wraparound 
Ol Texture V mirroring 
10 Texture V clamping 
11 -reserved- 
25 Texture in System Memory 
0 Texture is stored in graphics memory 
1 Texture is stored in system memory 
24 Reserved (must be 0) 


23 MipMap 
0 Disable 
1 Enable 
22 Intra-map Filter 
0 Disable 


1 Enable (do filtering inside a LOD level) 
21 =Inter-map Filter 


0 Disable 
1 Enable (do filtering inside a LOD level) 
M must be 1. 


20 Magnify Filter (when LOD < 0) 
0 Point Sample 
1 Bi-linear 
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19‘ Tiling 
0 Texture is not tiled 
1 Texture is tiled. 
Tile size is determined by texel depth: 


Texel Depth (bpp) Tile Size 
1 16x 16 
2 8x 16 
4 8x8 
8 4x8 
16 4x4 
32 2x4 


Inside each tile, texels are organized into 2x2 
subtiles in row major 
18 Texture Color Key 


0 Disable 
1 Enable 
17 Texture Anisotropy 
0 Disable 
1 Enable 
16-15 Palette Data Format 
00 565 RGB 


O01 1555 ARGB 
10 4444 ARGB 
11 -reserved- 

14-12 Texel Depth 
000 1-bpp palettized 
001 2-bpp palettized 
010 4-bpp palettized 
O11 8-bpp palettized 
100 16-bpp 565 RGB 
101 16-bpp 1555 ARGB 
110 16-bpp 4444 ARGB 
111 32-bpp ARGB 

11-8 Texture Map Levels (TML) (Range 0-8) 
The number of maps in the MipMap (0 = | map) 

7-4 Y-Axis Texture Memory Size (TRY) (Range 0-8) 
This field determines the number of Isb’s (2**TRY) 
of parameter V to be used in the Y axis. Any bit 
higher than this will be ignored (wraparound). 

3-0 X-Axis Texture Memory Size (TRX) (Range 0-8) 
This field determines the number of Isb’s (2**TRX) 
of parameter U to be used in the X axis. Any bit 
higher than this will be ignored (wraparound). 

Note: For MipMap textures, TRX/TRY is the size of the 
original texture (1:1 map) 
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GEbase + A4 — Texture Color ...........ssscsssesssesesssesseseeeeseeee RW. 
31-24 Alpha 
Constant alpha value when there is no alpha in the 
texture format 
23-0 Texture Color Key 
Texture transparency color (888 RGB) 


GEbase + A8 — Texture Palette Data........ssssecesseeesseeeee WO 
31-16 Texel n+1 
15-0 Texel n 
An internal counter is used in loading the texture palette. 
Writing to the Texture register (GEbase+A0O) resets the 
counter to 0. Writing to the Texture Palette Data register 
writes the data to the place pointed to by the counter then 
increments the counter by 1. Each write writes two entries 
into the palette. 


GEbase + AC — Texture Bound arry.............ssccccccssssssseseeees RW 


31-22 Maximum V 
21-12 Minimum V 
11-8 Reserved 

7 Reverse Texture Format 


0 Disable 
1 Enable 
6 Texture Cache 
0 Disable 
1 Enable 
5 Texture Map Shift 
0 Disable 
1 Enable 


4-3 Compressed Texture Format 
00 No compression 
01 DXT1 format 
10 DXT2 format 
11 -reserved- 
2-0 Dither Shift 
000 Disable LOD dithering 
001 100% LOD dithering 
010 80% LOD dithering 
011 60% LOD dithering 
100 40% LOD dithering 
101 20% LOD dithering 
11x -reserved- 
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Texture Filterin: 


Texture data read back from the Memory Interface first goes 
through palette translation if the texture is palettized. The 
texture is then converted into common internal 8888 ARGB 
format. If the texture doesn’t have alpha data, then a constant 
alpha value is used. If the texture color key is enabled and the 
texture color matches the key, set alpha to 0. Bi-linear or tri- 
linear filtering is then performed on RGB and alpha. If the 
color key is enabled and the result alpha is 0, the 
corresponding pixel should be discarded. This is done by 
attaching a validity bit with texture data passed from the 
Texture Engine to the Data Path. It should be noted that 
filtering depends on the LOD value. When LOD < 0, a 
different filter may be applied. In bi-linear filtering, if the 
texel nearest to the texture coordinate is masked by the color 
key, then the texel is considered as masked. Otherwise, the 
texel is considered not masked. 
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Memory Interface Registers 


The registers in this group include stride and buffer base 
address registers for frame buffer control. There are three 
base addresses: source base address (added to blt source), 
destination base address (added to color destination), and Z 
base address (added to Z addresses). 


GEbase + B8 — Destination Stride / Buffer Base 0.......... RW. 
GEbase + BC —- Destination Stride / Buffer Base 1 ......... RW 
GEbase + C0 — Destination Stride / Buffer Base 2.......... RW 
GEbase + C4 - Destination Stride / Buffer Base 3.......... RW 
GEbase + C8 — Source Stride / Buffer Base 0...............+.. RW 
GEbase + CC - Source Stride / Buffer Base 1................. RW 
GEbase + D0 — Source Stride / Buffer Base 2...............+. RW 
GEbase + D4 — Source Stride / Buffer Base 3.................. RW 


All eight of the above registers have the same bit definitions: 


31-29 Bits Per Pixel 
000 8 bits per pixel 
001 16 bits per pixel (565 format) 
010 32 bits per pixel 
O11 -reserved- 
100 -reserved- 
101 16 bits per pixel (555 format) 
11x -reserved- 
28-20 Stride (pixels divided by 8) 
19-0 Buffer Base Address (in quadwords) 


GEbase + D8 — Z Depth / Z Buffer Base ..............ccccccsesees RW 


31-30 Z Depth 
00 16 bits 
O1 24 bits (32 bits are allocated in the frame 
buffer with the MSB not used) 
1x -reserved- 
29 Reserved siiscccdssessesssinyseGusideas tees always reads 0 
28-20 Z Stride 
19-0 Z Buffer Base Address (in quadwords) 
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There are 9 texture base registers for up to 9 levels of 
MipMaps: level 0 (1:1 map) up to level 8 (smallest). The 
texture may be in the frame buffer or in system memory. 


GEbase+DC — Texture Base MipMap Level 0 (1:1 Map)RW 


GEbase + E0 — Texture Base MipMap Level 1............... RW 


GEbase + E4 — Texture Base MipMap Level 2............... RW 


GEbase + E8 — Texture Base MipMap Level 3..............+ RW 


GEbase + EC — Texture Base MipMap Level 4.............. RW 


GEbase + F0 — Texture Base MipMap Level 5 ............... RW 


GEbase + F4 — Texture Base MipMap Level 6.............. RW 


GEbase + F8 — Texture Base MipMap Level 7 ............... RW 


GEbase+FC — Texture Base MipMap Level 8 (Smallest)RW 


All nine of the above registers have the same bit definitions: 


31-0 Texture Base Address (in bytes) 
Base addresses always start on QWORD boundaries 
so bits 2-0 are always 0. 


Data Port Area 


GEbase + 10000-1FFFFh — Data Port Area .............0s00 RW 
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FUNCTIONAL DESCRIPTIONS 


Graphics Controller Power Management 


The PLE133 Graphics Controller power mangement feature 
set complies with AGP and PCI power management 
requirements. 


Power Management States 


Power management states (D0O-D3) for both ACPI and PCI 
Bus Power Management (PCI PM) refer to the same states 
described in the Device Class PM Reference Specification for 
Display Devices, which are equivalent to the VESA™ DPMS 
power states. System software should access the PLE133’s 
configuration registers to perform PCI PM state transitions. 


Table 12. PCI Power Management States 


PCI PM Desktop Notebook 
State Graphics Graphics 
State 0 DPMS State 0 Proprietary State 0 
(DO) Fully On Fully On 
State 1 DPMS State 1 Proprietary State 1 
(D1) Standby Standby 
(Hsync Off) (VCLK Off) 
State 2 DPMS State 2 Proprietary State 2 
(D2) Suspend Suspend 
(Vsync Off) (MCLK/VCLK Both Off) 
State 3 DPMS State 3 Same as State 2 
(D3) Off 
(H/Vsync Both Off) 


Power Management Clock Control 


If the system “South Bridge” sends a request to the PLE133 to 
power down the memory controller, the PLE133 first uses 
PCKRUN# (the same signal appearing external to the 
PLE133) to check to see if the internal graphics controller 
needs to access main memory. The graphics controller logic 
will detect PCKRUN# high for 2 or 3 PCICLK’s and check if 
there are any: 


Internal buffers not emptied 
PCI Master or AGP Master actions pending 


If either condition exists, the graphics controller logic will 
assert PCKRUN# low for 2 PCICLK’s to signal the clock 
generator to keep PCICLK running. 


PME# is not implemented since there are no wake-up 
conditions. 


Power Management Registers 


Power management control for the PLE133 Graphics 
Controller is provided by extended registers SR24 (Power 
Management Control), GR20 (Standby Timer Control), GR21 
(Power Management Control 1), GR22 (Power Management 
Control 2), GR23 (Power Status), GR24 (Soft Power Control), 
GR25 (Power Control Select), GR26 (DPMS Control), GR27- 
28 (GPIO Control), GR2A (Suspend Pin Timer), GR2C 
(Miscellaneous Pin Control), GR2F (Miscellaneous Internal 
Control), and Graphics Controller PCI Configuration Indices 
90-97 (PCI Power Management Registers 1 and 2). 
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ELECTRICAL SPECIFICATIONS 
Absolute Maximum Ratings 


Table 13. Absolute Maximum Ratings 


Symbol | Parameter Min Max Unit 


Tc Case operating temperature 0 85 0c 
Ts Storage temperature -55 125 0c 


Vin Input voltage -0.5 Verar + 10% Volts 
Vout Output voltage -0.5 Verar + 10% Volts 1,2 


Note 1: Stress above the conditions listed may cause permanent damage to the device. Functional operation of 
this device should be restricted to the conditions described under operating conditions. 


Note 2. Vpran is defined as the Vcc level of the respective rail. The CPU interface can be 3.3V or 2.5V. 
Memory can be 3.3V only. PCI can be 3.3V or 5.0V. Video can be 3.3V or 5.0V. Flat Panel can be 3.3V only. 


DC Characteristics 
Tec = 0-85°C, VRAIL = Vcc +/- 5%, VcorE =2.5V +/- 5%, GND=0V 


Table 14. DC Characteristics 


Condition 
Input Low Voltage -0.50 0.8 
Input High Voltage 2.0 Vect0.5 


Output Low Voltage - 0.55 Iop=4.0mA 
Output High Voltage Iou=-1.0mA 
Input Leakage Current ee 0<Vin<Vec 


Ioz Tristate Leakage Current +/-20 uA 0.55<Voutr<Vec 
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Power Characteristics 
Tc a 0-85°C, VRAIL = Vec +/- 5%, VcorE =2.5V +/- 5%, GND=0V 


Table 15. DC Characteristics 


Symbol | Parameter Typ | Max | Unit | Condition 


Power Supply Current — VCC3 Max operating frequency 
Power Supply Current —- VSUS3 Max operating frequency 


Power Supply Current — VSUS2 Max operating frequency 
Power Supply Current — VCCI Max operating frequency 
Power Supply Current - VCCD Max operating frequency 


Power Dissipation : Max operating frequency 


AC Timing Specifications 
AC timing specifications provided are based on external zero-pf capacitance load. Min/max cases are based on the following 
table: 


Table 16. AC Timing Min / Max Conditions 


Parameter Min Max Unit 
5.0V Power 4.75 5.25 Volts 
3.3V Power 3.135 3.465 Volts 
2.5V Power 2.375 2.625 Volts 
Case Operating Temperature 0 85 oc 


Drive strength for selected output pins is programmable. See Rx6D for details. 


Revision 1.82 October 22, 2001 -136- Electrical Specifications 


A Ne VT8601A Apollo PLE133 


MECHANICAL SPECIFICATIONS 


30.00 REF 
— ir-4.00"45° (4x) vA 


26 | 


Chipset Name 


Apollo PLE133 


VT8601A 
YYWWCE TAIWAN 
LLLLLLLLL © @ 


30.00 REF 


Part Number (optional — if not 
marked, chipset name should 
be used for part identification) 


Date Code Year (YY) 
Date Code Week (WW) 7 
Country of Assembly i 
Chip Revision (CE) : 


Lot Code (L) 


va ABCDEFGHJKLMNPRTUVW Y AAnpACapAE ar 
PIN #1 
CORNER 010 6\c 


20.30 ©|c|/ A ©|B © 
© 0.75 +0.15 (510x) 

26 25 24 23 22 21 20 19 1817 16 15 14/13 1211 10 987654321 

1 

+ GODDDDO000COTDO0COD00C00000 
DOCOCOCOCOCOOCOCO|OOCODOOC0CN000N0 
DOCCODDOCCOD DOD|ODOO0COOCON000N0 
-CODDDDCODODOOCODIONCONCOCCON0N00N0 
PPeccuceseee aee cose oo le 

N 

N 


jexe) OO0000 COJOO0 DOODDONQ000 


510-Pih BGA 2020902 
iO00 ooo 
Oo00 


fe) 
O00, fe) 
O00 fe) 
fe) 
a) 


31.75 


35.00 40.20 


O00 
oo0000 


lozeke (ere) 


35x35x4.33 mm 000000 
JEDEC Spec MO-151 OCO0C0O0 
} 


K<S<cAawmvz=r Rec TAaAMIODD 


OO0000 OF0000000 


OCO000 OVO COOOOONOO0OD | AA 
OOOOODCODIOOOOOOOOCOO00O | AB 
OODCOVOVDIONDOONOCO0O0C000 
CODODOCOD|ODCOCOOOCCOCOO 
OOCOO0COO|ONOCOCOO0CCO00 
COODDVDOODCNOOCONOOCOOGNOCO 
fe 


oO 
[@) 
0) 
G 
| 
1.27 Pe | 


COCDDVDOOCODONO|OOCDOC0O0 

CODCDDCOCODCOO|ONCO0C0O0CO 
CODDDOCOCODOCNDOIOOCON000 
CODDDDCDCDOOCNDO|OOCON0000 


[@) 
2) 
ie) 


I 
TOT POCOODCOODOO DOO O0000 


31.75 


—A- 


35.00 +0.20 


| 0.20(4X) 


30° TYP 
c l \ ] 
yx RORORORG) PRO RO RORCROLCAORCRORORCLOLCE™ 

—-C-— |SEATING PLANE 


0.15 [C 


—| 


0.56 REF —=+#+~- 1.17 REF 


0.60 +0.10 
2.33 40.13 


Figure 9. Mechanical Specifications - 510-Pin Ball Grid Array Package 
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